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Description 

Background of the Invention 

[0001] The present invention relates to a control de- 5 
vice of an internal combustion engine which is provided 
with a valve moving apparatus having a hydraulic valve 
characteristic changing mechanism for changing valve 
operation characteristic such as lift of as suction valve 
or an exhaust valve and a hydraulic valve phase variable to 
mechanism for altering phase of the suction valve or the 
exhaust valve. 

[0002] An internal combustion engine provided with a 
control device according to the preamble of claim 1 is 
known (US-A-5,009,203). A valve moving apparatus *5 
has a hydraulic valve characteristic changing mecha- 
nisms for changing valve operation characteristic by 
driving a suction valve and an exhaust valve with a cam 
for low speed of small lift and small valve opening time 
on a low rotational speed small lift and small valve open- 20 
ing time on a low rotational speed of the engine and with 
a cam for high speed of large lift and large valve opening 
time on a high rotational speed of the engine. 
[0003] The above valve characteristic changing 
mechanism has connecting pins provided on respective 2 5 
rocker arms on respective rocker arms of the suction 
valve and the exhaust valve, and an oil pressure chang- 
ing valve. The pins are moved by pressure of oil which 
is changed over by the oil pressure changing valve, to 
connect or disconnect the rocker arms, so that the rock- 30 
er arms, therefore the suction valve and the exhaust 
valve, are driven by the cam for low speed or the cam 
for high speed. 

[0004] When the valve operation characteristic is 
changed, a map of fuel injection amount and a map of 35 
ignition time are changed into maps for low speed or 
maps for high speed corresponding to the valve opera- 
tion characteristic, to carry out fuel injection amount con- 
trol and ignition time control. In that case, a delay time 
required for changing actions of the valve characteristic 40 
changing mechanism of all cylinders to be completed by 
the oil pressure changed by the oil pressure changing 
valve is previously set in a timer, and change of the maps 
is carried out after the delay time elapses for the fuel 
injection amount control and the ignition time control 
adapted to the valve operation characteristic. 
[0005] However, in the above-mentioned prior art, as 
the delay time to be set in the timer, a fixed value decided 
from a viewpoint of prevention of engine stall and pre- 
vention of deterioration of drive ability is adopted, so that so 
the delay time does not correspond to change of prop- 
erty of the working oil of the valve characteristic chang- 
ing mechanism. Therefore, sometimes, notwithstanding 
that actually valve characteristic changing mechanisms 
of all cylinders have been already changed into high 55 
speed side (or low speed side), maps for fuel injection 
amount ad ignition time remain in maps for low speed 
(or for high speed), because the oil property (oil viscosity 



susceptible to temperature, for example) is altered in- 
fluenced by operational condition of the engine to alter 
operation response of the valve characteristic changing 
mechanism. And, in a short period when a suction air 
amount, a fuel injection amount and an ignition time are 
not adapted to each other due to a time lag between a 
valve operation characteristic changing time point and 
a map changing time point, air-fuel ratio or ignition time 
deviates from an optimum value to produce undesirable 
results regarding engine performance other than the 
prevention of engine stall and the prevention of deteri- 
oration of drive ability, especially regarding exhaust 
emission. 

SUMMARY OF THE INVENTION 

[0006] The present invention has been accomplished 
in view of the foregoing, and a subject of the invention 
is to further improve performance of the internal com- 
bustion engine by that property of the working oil in tl( 
hydraulic valve characteristic changing mechanism of 
the valve moving apparatus is detected, and the delay 
time deciding a change timing of a control amount hold- 
ing means which folds control amounts for controlling 
combustion condition of the internal combustion engine 
is altered in accordance with the detected property of 
the working oil, to make a change of the valve operation 
characteristic coincide with the change of the control 
amount holding means. 

[0007] The present invention provides a control de- 
vice of an internal combustion engine, comprising an op- 
erational condition detecting means for detecting an op- 
erational condition of the internal combustion engine; a 
valve moving apparatus provided with a first valve con- 
trol mechanism having a hydraulic valve characteristic 
changing mechanism for changing valve operation 
characteristic of at least one of a suction valve and a 
exhaust valve of said engine, and an oil pressure chang- 
ing valve for changing pressure of a working oil supplied 
to said valve characteristic changing mechanism from 
an oil pressure source; a first valve operation control 
means for controlling operation of said oil pressure 
changing valve in accordance with the operational con- 
dition detected by said operational condition detecting 
means; a control amount holding means holding control 
amounts to control combustion condition of said engine 
corresponding to said respective valve operation char- 
acteristic; a combustion control means operated based 
on said control amount of said control amount holding 
means; 

a holding time setting means for setting a delay 
time between a first time of a change of oil pressure due 
to a switching of said oil pressure changing valve and a 
second time of completion of the change of the valve 
operation characteristic; 

a . changing means for changing said control 
amount holding means corresponding to a changed 
valve operation characteristic when said delay time 
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elapses after said oil pressure to be supplied to said 
valve characteristic changing mechanism has changed 
by said oil pressure changing valve, characterized in 
that the control device comprises a working oil property 
detecting means for detecting property of said working 5 
oil and a holding time determination means for deter- 
mining said delay time based on actual properties of 
said working oil detected by said working oil property 
detecting means. 

[0008] According to this invention, after the delay time 10 
set based on property of the working oil of the valve 
characteristic changing mechanism elapses, the chang- 
ing means changes the control amount holding means 
from a control amount holding means corresponding to 
a valve operation characteristic before the valve moving 15 
mechanism is changed to a control amount holding 
means corresponding to a valve operation characteristic 
after the valve moving mechanism is changed. And the 
combustion control means controls combustion of the 
engine based on a control amount held in the changed 20 
control amount holding means. Since the delay time can 
be set in accordance with change of property of the 
working oil which is influenced by operational condition 
of the engine, in a wide operation range of the engine, 
change timing of the valve operation characteristic and 25 
change timing of the control amount holding means can 
be. made coincide with each other to control combustion 
of the engine with a control amount most duitable for the 
valve operation characteristic, so that performance of 
the engine can be more improved. 30 
[0009] The said valve moving apparatus may further 
comprise a hydraulic valve phase variable mechanism 
for altering phase of open-close period of at least one 
of said suction valve and said exhaust valve, and a sec- 
ond valve control mechanism having an oil pressure 35 
control valve for controlling pressure of a working oil 
supplied to said valve phase variable mechanism from 
said oil pressure source. Further, operation of said oil 
control valve may be controlled by a second valve op- 
eration control means in accordance with the operation- 4o 
al condition detected by - said operational condition de- 
tecting means, and said working oil property detecting 
means may detect property of said working oil based on 
behavior of said second valve control mechanism. 
[0010] According to this invention, the working oil 45 
property detecting means can detect working oil prop- 
erty in the valve characteristic changing mechanism 
based on behaviors of the valve phase variable mech- 
anism operated by oil pressure and the second valve ' 
control mechanism having the oil pressure control valve, so 
As the result, a detecting means for directly detecting . 
property of the working oil, for example, a temperature 
sensor for the working oil is unnecessary and the cost 
is reduced. As factors exerting influence on property of 
the working oil, there are kind of the working oil, secular 55 
change of the working oil or the like in addition to factors 
based on operational condition of the engine (tempera- 
ture of working oil, for example). Since the property of 



the working oil detected according to this invention in- 
cludes all of the factors, more accurate working oil prop- 
erty can be detected, and therefore more accurate 
change timing of the control amount holding means can 
be set, compared with a case that the working oil prop- 
erty is detected only by the oil temperature sensor for 
example. 

[001 1] Phase detecting means for detecting phase of 
at least one of said suction valve and said exhaust valve 
having phase altered, and phase change speed calcu- 
lating means for calculating changing speed of phase 
detected by said phase detecting means may be provid- 
ed, and said working oil property detecting means may 
detect said working oil property based on said changing 
speed of phase. 

[0012] According to this invention, property of the 
working oil can be detected from behavior of the valve 
phase variable mechanism which reflects property of 
the working oil. Further, since detection of the working 
oil property is possible even when the phase is altered 
largely or continuously, the working oil property can be 
detected one by one in a wide engine operation region. 
[001 3] Phase detecting means for detecting phase of 
at least one of said suction valve and said exhaust valve 
having phase altered, and target phase setting means 
for setting a target phase based on the operational con- 
dition detected by said operational condition detecting 
means may be provided, said second valve operation 
control means may control operation of said oil pressure 
control valve so that said target phase concurs with said 
phase detected by said phase detecting means, and 
said working oil property detecting means may detect 
working oil property based on deviation between said 
target phase and said phase detected by said phase de- 
tecting means. 

[0014] According to this invention, property of the 
working oil can be detected from behavior of the valve 
phase variable mechanism which reflects property of 
the working oil. Further, since the deviation between the 
target phase and the actual phase is a datum obtainable 
in course of controlling the valve phase variable mech- 
anism to the target phase, no particular apparatus is 
necessary for obtaining the deviation to detect the work- 
ing oil property. 

[001 5] Said oil pressure control valve may be operat- 
ed in accordance with an amount of supply electric cur- 
rent which is duty-controlled by said second valve oper- 
ation control means, and said working oil property de- 
tecting means may detect working oil property based on 
duty ratio of said amount of supply electric current when 
said valve phase variable mechanism maintains a fixed 
phase by oil pressure controlled by said oil pressure 
control valve. 

[0016] According to this invention, by utilizing duty ra- 
tio of the amount of electric current supplied to the oil 
pressure control valve for controlling pressure of the 
working oil supplied to the valve phase variable mech- 
anism, even in an engine operation region where phase 
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of the suction valve or the exhaust valve Is not altered 
' by the valve phase variable mechanism, the working oil 
property can be detected and the delay time can be set 
based thereon. 

BRIEF DESCRIPTION OF THE. DRAWINGS 
[0017] 

Fig. 1 is a whole view of an internal combustion en- 
gine applied the present invention; 
Fig. 2 is a partial view of Fig. 1 viewed in the direc- 
tion of the arrow II; 

Fig. 3 is a sectional view taken along the line Ill-Ill 
of Fig. 2; 

Fig. 4 is a sectional view taken along the line IV-I V 
of Fig. 3; 

Fig. 5 is a sectional view taken along the line V-V 
of Fig; 3; 

Fig. 6 is a sectional view taken along the line VI-VI 
of Fig. 2; 

Fig. 7 is an oil pressure circuit diagram of the valve 
characteristic changing mechanism and the valve 
phase variable mechanism; 

Fig. 8 is a sectional view of an oil pressure corre- 
sponding valve;. 

Fig. 9 is a sectional view of a linear solenoid valve; 
Fig. 1 0 is a flow chart showing a routine for changing 
valve operation characteristic and map by the valve 
characteristic changing mechanism at a low rota- 
tional speed and a middle rotational speed; 
Fig. 1 1 is a flow chart showing a routine for changing 
valve operation characteristic and map by the valve 
characteristic changing mechanism at a middle ro- 
tational speed and a high rotational speed; 
Fig. 12 is a flow chart showing a routine for calcu- 
lating target cam phases; 

Fig. 13 is a flow chart showing a feedback control 
routine of the valve phase variable mechanism; 
Fig. 14 is a flow chart showing a routine for setting 
delay times; 

Fig. 15 is a flow chart showing another routine for 
setting delay times; 

Fig. 16 is a map showing a relation between the de- 
lay time and variation of the actual cam phase; 
Fig. 17 is a map showing a relation between the de- 
lay time and duty ratio of the electric current to the 
linear solenoid valve which is in a neutral position; 
and 

. Fig. 18 is a map showing a relation between the de- 
lay time and deviation of the actual cam phase from 
the target cam phase. 

DETAILED DESCRIPTION OF PREFERRED . 
EMBODIMENT OF THE INVENTION 

[0018] Hereinafter, a preferred embodiment of the 
present invention will be described with reference to 



Figs. 1 to 18. 

[0019] In the embodiment shown in Figs. 1-14, 16 and 
17, the internal combustion engine 1 is a spark-ignition, 
4 cylinder, DOHC 4 valve internalcombustion engine to 
be mounted on a vehicle and has pistons 2 connected 
to a crankshaft 4 via connecting rods 3. As shown in Fig. 
1 , a drive sprocket 5 provided on one end of the crank- 
shaft 4, a suction cam sprocket 8 provided on one end- 
of a suction cam shaft 6 and an exhaust cam sprocket 
9 provided on one end of an exhaust cam shaft 7 are 
connected by a timing chain 10 so that the cam shafts 
6, 7 rotate once while the crankshaft 4 rotates twice: 
[0020] Each cylinder has two suction valve 11 driven 
by the suction cam shaft 6 and two exhaust valves 12 
driven by the exhaust cam shaft 7. Between the suction 
cam shaft 6 and the suction valve 11 and between the 
exhaust cam shaft 7 and the exhaust valve 12 are pro- 
vided respective valve characteristic changing mecha- 
nisms 13 which change valve operation characteristics 
(lift and opening period, for example) of the valves l( 
12 in three modes. At the end of the suction cam shaft 
provided with the cam sprocket 8 is provided a valve 
phase variable mechanism 50 which advances or re- 
tards opening-closing period of the suction valve 11 con- 
tinuously to alter cam phase. 

[0021] Both the valve characteristic changing mech- 
anisms 13 for the suction valve 11 and the exhaust valve 
12 are of the same construction. Therefore, the valve 
characteristic changing mechanism 13 for the suction 
valve 11 will be described hereinafter referring to Figs. 
2 to 5. 

[0022] For every cylinder, the suction valve 11 is inte- 
grally provided with a cam for low speed 15, a cam for 
high speed 16 and an upheaved portion 17 which are 
arranged in this order. Under the suction cam shaft 6 is 
fixed a rocker shaft 18 in parallel with the cam shaft 6, 
and a first rocker arm 19, a second rocker arm 20 and 
a third rocker arm 21 , corresponding to the cam for low 
speed 15, the cam for high speed 1 6 and the upheavcf 
portion 17 respectively, are supported on the rocker 
shaft 18 so as to rock. 

[0023] As shown in Fig. 3, the cam for low speed 15 
has a nose part which projects radially of the suction 
cam shaft 6 with a relatively small projection and ex- 
tends over a relatively small circumferential range, and 
a base circle part. The cam for high speed 16 has a nose 
part with a larger projection and a larger circumferential 
length compared with the cam for low speed 15, and a 
base circle part. The upheaved portion 17 has a project- 
ing part slightly projecting radially of the suction cam 
shaft 6 and a base circle part. The projecting part of the 
upheaved portion 1 7 is considerably lower than the nose 
part of the cam for low speed 15. 

[0024] A flange 23 is provided oh an upper end of a 
valve stem 22 of the suction valve 1 1 . The suction valve 
11 is forced to close by a valve spring 25 inserted be- 
tween a cylinder head 24 and the flange 23 in a com- 
pressed state. Each of the . first and third rocker arms 19, 
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21 supported by the rocker shaft 18 so as to rock has 
ah end adjustably provided with a tappet screw 26 which 
touches to an upper end of the valve stem 22 of the suc- 
tion valve 11. 

[0025] The first, second and third rocker arms 1 9, 20, 
21 have respective first, second and third rollers 27, 28, 
29 at a position between the rocker arm 18 and the suc- 
tion valve 11. The rocker arms 19, 20, 21 rock guided 
by the cams 15, 16 and the upheaved portion 17 through 
the rollers 27, 28, 29, respectively. The second rocker 
arm 20 is forced by a spring means (not shown) so that 
the second roller 28 touches to the cam for high speed 
16. 

[0026] As shown in Fig. 5, the first roller 27 has an 
axis parallel with the rocker shaft 18 and comprises an 
inner ring 27a fixedly fitted to the first rocker arm 19, an 
outer ring 27.b slidingly contacted with the cam for low 
speed 15, and a plurality of needle rollers provided be- 
tween the inner ring 27a and the outer ring 27b. Simi- 
larly, the second roller 28 has an axis parallel-with the 
rocker shaft 18 and comprises an inner ring 28a fixedly 
fitted to the second rocker arm 20, an outer ring 28b slid- 
ingly contacted with the cam for high speed 16, and a 
plurality of needle rollers 28c provided between the in- 
ner ring 28a and the outer ring 28b. The third roller 29 
has an axis parallel with the rocker shaft 18 and com- 
prises an inner ring 29a fixedly fitted to the third rocker 
arm 21, an outer ring 29b slidingly contacted with the 
upheaved portion 17, and a plurality of needle rollers 
29c provided between the inner ring 29a and the outer 
ring 29b. When the rocker arms 19, 20, 21 are station- 
ary, the inner rings 27a, 28a, 29a are fixed so as to align 
with each other. 

[0027] As shown in Figs. 3 to 5, the first and third rock- 
er arms 19, 21 are provided with a first connection 
changing mechanism 30 capable of connecting and dis- 
connecting the rocker arms 19, 21 , and the first, second 
and third rocker arms 19, 20, 21 are provided with a sec- 
ond connection changing mechanism 31 capable of 
connecting and disconnecting these rocker arms 19, 20, 
21. 

[0028] Namely, the first and third rocker arms 19. 21 
have respective connecting arms 19a, 21a formed inte- 
grally on a side opposite to the rocker shaft 18. The con- 
necting arms 19a, 21a are opposite to each other strid- 
ing across the second rocker arm 20 and between the 
connecting arms 19a, 21a" is provided the first connec- 
tion changing mechanism 30 which comprises a con- 
necting piston 32 capable of connecting the connecting 
arms 19a, 21a, a regulating member 33 for regulating 
movement of the connecting piston 32, and a return 
spring 34 for forcing the connecting piston 32 and the 
regulating member 33 to the disconnecting side. The 
connecting arms 19a, 21a have guide holes 35, 36 
which are opposite to each other and extend parallel 
with the rocker shaft 18. 

[0029] The connecting piston 32 is fitted to the guide 
hole 35 slidingly, and between the connecting piston 32 



and a closed end of the guide hole 35 is formed a first 
oil pressure chamber 37. The first rocker arm 18 is pro- 
vided with a communication passage 38 communicating 
with the first oil pressure chamber 37 and within the 

5 rocker shaft 18 is formed a first oil pressure supply pas- 
sage 39 communicating with an oil pump 70. The first 
oil pressure supply passage 39 always communicates 
with the first oil pressure chamber 37 through the com- 
munication passage 38 regardless of rocking state of 

10 the first rocker arm 19. 

[0030] On the one hand, the second connection 
changing mechanism 31 comprises a connecting piston 

41 capable of connecting the first and second rocker 
arms 19, 20, a connecting pin 42 capable of connecting 

15 the second and third rocker arms 20, 21, a regulating 
member 43 for regulating movements of the connecting 
piston 41 and the connecting pin 42, and a return spring 
for forcing the connecting piston 41, the connecting pin 

42 and the regulating member 43 to the disconnecting 
20 side. 

[0031] The connecting piston 41 is slidingly fitted to 
the inner ring 27a of the first roller 27 and between one 
end of the connecting piston 41 and the first rocker arm 
19 is formed a second oil pressure chamber 45. The first 

25 rocker arm 19 has a communication passage 46 com- 
municating with second oil pressure chamber 45. Within 
the rocker shaft 18 is formed a second oil pressure sup- 
ply passage 47 communicating with the oil pump 70. 
The second oil pressure supply passage 47 is isolated 

30 from the first oil pressure supply passage 39 of the first 
connection changing mechanism 30. The second oil 
pressure supply passage 47 always communicates with 
the second oil pressure chamber 45 through the com- 
munication passage 46 regardless of rocking state of 

35 the first rocker arm 19. 

[0032] The connecting pin 42 having an end touching 
another end of the connecting pin 41 is slidingly fitted to 
the inner ring of the second roller 28. The bottomed-cyl- 
inder-like regulating member 43 touching another end 

40 of the connecting pin 42 is slidingly fitted to the inner 
ring 29a of the third roller 29. The return spring 44 is 
inserted between the third rocker arm 21 and the regu- 
lating member 43 in a compressed state. 
[0033] In the first connection changing mechanism 

45 30, when pressure of the working oil supplied to the first 
oil pressure chamber 37 is lowered, the connecting pis- 
ton 32 and the regulating member 33 is moved by the 
. return spring 34 to the disconnecting side. In this state, 
the contacting surface of the connecting piston 32 and 

50 the regulating member 33 positions between the first 
rocker arm 19 and the third rocker arm 21, and the first 
and third rocker arms are disconnected. When the work- 
ing oil of high pressure is supplied to the first oil pressure 
chamber 37, the connecting piston 32 moves against 

55 the return spring 34 to the connecti ng side and goes into 
the guide hole 26 so that the first and third rocker arms 
19, 21 are integrally connected. 

[0034] In the. second connection changing mecha- 
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nism 31, when pressure of the working oil supplied to 
the second oilpressure chamber 45 is lowered, the con- 
necting piston 41, the connecting pin 43 and the regu- 
lating member 43 are moved by the return spring 44 to 
the disconnecting side. In this state, the contacting sur- 
face of the connecting piston 41 and the connecting pin 
42 positions between the first rocker arm 1 9 and the sec- 
ond rocker arm 20, the contacting surface of the con- 
necting pin 42 and the regulating member 43 positions 
between the second rocker arm 20 and the third rocker 
arm 21, and the first, second and third rocker arms 19, 
20, 21 is in a disconnected state. When the working oil 
of high pressure is supplied to the second oil pressure 
chamber 45, the connecting piston 41, the connecting 
pin 42 and the regulating member 43 move against the 
return spring 44 to the connecting to the connecting 
side, and the connecting pistons 41 , 42 go into the inner 
rings 28a, 29a so that the first, second and third rocker 
arms19, 20 21 are integrally connected. 
[0035] Next, the valve phase variable mechanism 50 
provided at an end of the suction cam shaft 6 will be 
described with reference to Figs. 2 and 6. 
[0036] A supporting hole 51a formed at a center of a 
cylindrical boss member 51 is coaxially fitted and con- 
nected by a pin 52 and a bolt 53 to an end portion of the 
suction cam shaft 6 so as not to rotate relatively. The 
cam sprocket 8 which the timing chain 10 is wound 
round is formed in a cup-shape having a circular hollow 
8a and on its outer periphery is formed sprocket teeth 
8b. An annular housing 54 fitted to the hollow 8a of the 
cam sprocket and a plate 55 laid on an axial end of the 
housing 54 are connected to the cam sprocket 8 by four 
bolts 56 penetrating them. 

[0037] Therefore, the boss member 51 integrally con- 
nected to the suction cam shaft 6 is housed in a space 
surrounded by the cam sprocket 8, the housing 54 and 
the plate 55 so as to rotate. A lock pin 57 is slidingly 
fitted to a pin hole axially penetrating the boss member 
51 . The lock pin 57 is forced by a compressed spring 58 
inserted between the lock pin 57 and the plate 55 so as 
to engage with a lock hole 8c formed in the cam sprocket 
8. 

[0038] Within the housing 54 are formed four fan- 
shaped hollows 54a arranged about axis of the suction 
cam shaft 6 at intervals of 90 degrees. Four vanes 51b 
radially projecting from an outer periphery of the boss 
member 51 are fitted into the hollows 54a so as to rotate 
in an angular range of 30 degrees. Seal members 59 
provided at tip ends of the vanes 51b slidingly touch top 
walls of the hollows 54 b and seal members 60 provided 
on an inner peripheral surface of the housing 54 slidingly 
touch an outer peripheral surface of the boss member 
51, so that an advance chamber 61 and a retard cham- 
ber 62 are partitioned on both sides of the each vane 
51b. 

[0039] Within the suction cam shaft 6 are formed an 
oil passage for advance 63 and an oil passage for retard 
64. The oil passage for advance 63 communicates with 



the four advance chambers 61 through four oil passages 
65 radially penetrating the boss member 51, and the oil 
passage for retard 64 communicates with the four retard 
chambers 62 through four oil passages 66 radially pen- 
5 etrating the boss member 51. The lock hole 8c of the 
cam sprocket 8 engaging with the lock pin 57 commu- 
nicates with anyone of the advance chamber 61 through 
an oil passage (not shown). 

[0040] When the working oil is not supplied to the ad- 
vance chamber 61 , a head part of the lock pin 57 is fitted 
into the lock hole 8c of the cam sprocket 8 by force of 
the spring 58 and the cam shaft 6 is locked to the cam 
sprocket 8 in a most retarded state that the cam shaft 6 
is extremely rotated anticlockwise relatively to the cam 
sprocket 8 as shown in Fig. 6. When pressure of the 
working oil supplied to the advance chamber 61 is raised 
from the above state, the lock pin 57 leave the lock hole 
8c of the cam sprocket 8 against the force of the spring 
58 by the pressure of the working oil supplied from the 
advance chamber 61 , the vane 51 b is rotated clbckwiif 
relatively to the cam sprocket 8 by pressure difference 
between the advance chamber 61 and the retard cham- 
ber 62, and phases of the cam for low speed 15 and the 
cam for high speed 16 are advanced all at once to alter 
the valve opening period and the valve closing period of 
the suction valve 11 toward advance side. Therefore, 
the opening-closing period of the suction valve 11 can 
be altered continuously by controlling oil pressure in the 
advance chamber 61 and the retard chamber 62. 
[0041] An oil pressure control system for the valve 
characteristic changing mechanism 13 and the valve 
phase variable mechanism 50 will be described with ref- 
erence to Fig. 7. 

[0042] Oil pumped up by the oil pump to, which is the 
oil pressure. source, from an oil pan 71 at a bottom of 
the crankcase is discharged into an oil passage 72 as 
lubricating oils of the crankshaft 4 and the valve moving 
mechanism of the engine 1 and as working oils of the 
valve characteristic changing mechanism 13 and tr^ 
valve phase variable mechanism 50. In two oil passages 
73, 74 branching from the oil passage 72 to communi- 
cate with the valve characteristic changing mechanism 
13 of suction valve 11 side, a first oil pressure respon- 
sive valve 80 and a second oil pressure responsive 
valve 81 ae provided, respectively. The oil pressure re- 
sponsive valves 80, 81 are examples of oil pressure 
changing valves for changing oil pressure of the oil pres- 
sure supply passages 39, 47 in the rocker shaft 8 into 
high or low. Though it is not shown, similar oil pressure 
changing valves are provided in oil passages commu- 
nicating with the valve characteristic. changing mecha- 
nism 13 of the exhaust valve 12 side, too. The valve 
characteristic changing mechanism 13 and the oil pres- 
sure changing valve constitute respective valve control 
mechanisms of the suction valve 11 side and the ex- 
haust valve 12 side. In an oil passage 75 branching from 
the oil passage 72 to communicate with the valve phase 
variable mechanism 50 is provided a linear solenoid 
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valve 90 which is an example of the oil pressure control 
valve for controlling pressures in the advance chamber 
61 and the retard chamber 62 continuously. The valve 
phase variable mechanism 50 and the oil pressure con- 
trol valve constitute a valve control mechanism other 5 
than the above-mentioned valve control mechanism. 
[0043] A signal from a suction cam shaft sensor 67 
(Fig. 1 ) detecting rotational position 6I of the suction cam 
shaft 6, a signal from a TDC sensor detecting top dead 
center 6TD of the piston based on a exhaust cam shaft 
sensor 68 (Fig. 1) which detects rotational position of 
the exhaust cam shaft 7, a signal of a crankshaft sensor 
69 (Fig. 1) detecting rotational position 9C of the crank- 
shaft 4, a signal from a suction negative pressure sensor 
detecting suction negative pressure P, a signal from a 
cooling water temperature sensor detecting cooling wa- 
ter temperature TW, a signal from a throttle opening de- 
gree sensor detecting throttle opening degree 0TH, and 
a signal from a rotational speed sensor detecting rota- 
tional speed Ne of the engine 1 are inputted in a elec- 
tronic control unit 76 which is an example of control 
means. The electronic control unit 76 includes valve op- 
eration control means for controlling operations of the 
valve phase variable mechanism 50 and oil pressure re- 
sponsive valves 80, 81, and valve operation control 
means for controlling operation of the linear solenoid 
valve-90. The above sensors constitute operational con- 
dition detecting means for detecting operational condi- 
tion of the engine. 

[0044] In a memory provided in the electronic control 
unit 76 are stored maps of fuel supply amount, ignition 
period and target cam phase having suction negative 
pressure and engine rotational speed as parameters. As 
for the fuel supply amount map (fuel injection amount 
map, for example) and the ignition period map, maps for 
low speed, middle speed and high speed are prepared 
corresponding to valve operation characteristics on low 
speed, middle speed and high speed. The fuel supply 
amount and the ignition period ae control amounts for 
controlling combustion condition of the engine 1 and the 
maps of the fuel supply amount and the ignition period 
stored in the memory of the electronic control unit 96 
are examples of control amount holding means. A fuel 
supply apparatus for supplying fuel to the cylinder of the 
engine such as a fuel injection valve and an ignition pe- 
riod control apparatus are examples of combustion con- 
trol means and these apparatus are operated based on 
control amounts stored in the maps. 
[0045] Referring to Fig. 8, the first oil pressure respon- 
sive valve 80 comprises a housing 82, a spool 83 slid- 
ingly fitted in the housing 82, a spring 84 forcing the 
spool 83 in a direction to close the valve, and a first so- 
lenoid valve 85 of normally closed type operated by in- 
structions from the valve operation control means of the 
electronic control unit 76. The spool 83 is moved to an 
open position against force of the spring 84 by pilot pres- 
sure inputted through a pilot oil passage 86 branched 
from a inlet port 82a formed in the housing 82. The pilot 



oil passage 86 is opened and closed by the first solenoid 
valve 85, and when the first solenoid valve 85 is opened, 
the spool 83 moves to the open position. 
[0046] The housing 82 is formed with an inlet port 82a 
communicating with the oil passage 73 through an oil 
filter 87, an outlet port 82b communicating with the first 
oil pressure supply passage 39, an orifice 82c commu- 
nicating with the inlet port 82a and the outlet port 82b, 
and a drain port 82d communicating with the outlet port 
82b and opening to an upper space of the cylinder head 
24. The spool 83 has a groove 83b between a pair of 
lands 83a. 

[0047] When the spool 83 is in the close position, the 
outlet port 82b communicates with the inlet port 82a 
through only the orifice 82c and also communicates with 
the drain port 82d, so that pressure of the work oil in the 
first oil pressure supply passage 39 becomes low. When 
the spool 83 is in the open position, the outlet port 82b 
communicates with the inlet port 82a through the groove 
83b and is disconnected from the drain port 82d, so that 
pressure of the working oil in the first oil pressure supply 
passage 39 becomes high. 

[0048] The housing 82 is provided with a first oil pres- 
sure switch 88 to confirm opening-closing motion of the 
spool 83 which detects oil pressure of the outlet port 82b 
and turns on or off when the oil pressure is low or high. 
[0049] Oil pressure of the second oil pressure supply 
passage 74 is also changed by the second oil pressure 
responsive valve 81 which has the same construction 
as the first oil pressure responsive valve 80. Also on the 
side of the exhaust valve 12 are provided first and sec- 
ond oil pressure responsive valves 80, 81 of the same 
construction as those on the suction valve 11 side. 
[0050] Referring to Fig. 9, the linear solenoid valve 90 
is provided with a cylindrical sleeve 91 , a spool 92 slid- 
ingly fitted into the sleeve 91, a duty solenoid 93 fixed 
to the sleeve 91 to drive the spool 92, and a spring 94 
forcing the spool 92 toward the duty solenoid 93. Electric 
current supplied to the duty solenoid 93 is duty control- 
led with ON duty by instruction from valve operation con- 
trol means in the electronic control unit 76, so that an 
axial position of the spool 92 can be altered continuously 
against the spring 94. 

[0051] The sleeve 91 has a central inlet port 91a, an 
advance port 91b and a retard port 91c positioned on 
both sides of the inlet port 91a respectively, and drain 
ports 91 d, 91 e positioned outside of the ports 91b, 91c 
respectively. On the other hand, the spool 92 has a cen- 
tral groove 92a, lands 92b, 92c positioned on-both sides 
of the groove 92a respectively, and grooves 92d, 92e 
positioned outsides of the lands 92b, 92c respectively. 
The inlet port 91a is connected with the oil pump 70, the 
advance port 91b is connected with the advance cham- 
ber 61 of the valve phase variable mechanism 50, and 
the retard port 91c is connected with the retard chamber 
62 of the valve phase variable mechanism 50. 
[0052] When the engine 1 is rotated at a low speed, 
if the first solenoid valve 85 and the second solenoid 
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valve close in accordance with instruction from the valve 
operation control means of the electronic control unit 76 
to close the first and second oil pressure responsive 
valves 80, 81 and oil pressure supplied to the first and 
second connection changing mechanisms 30, 31 be- 5 
come low, oil pressures of the first and second oil pres- 
sure chambers 37, 45 communicating with the first and 
second oil pressure supply passages 39, 47 in the rock- 
er shaft 18 become low. Therefore, the connecting pis- 
ton 32 and the regulating member 33 of the first connec- 
tion changing mechanism 30 are moved to the discon- 
necting position (Fig. 4) by the return spring 34, and the 
connecting piston 41 , the connecting pin 42 and the reg- 
ulating member 43 of the second connection changing 
mechanism 31 are moved to the disconnecting position 
(Fig. 5) by the return spring 44. As a result, the first, sec- 
ond and third rocker arms 19, 20, 21 are disconnected 
from each other, one of the. suction valves 11 is opened 
and closed by the first rocker arm 19 with the first roller 
27 touching the cam for low speed 15, and another suc- 
tion valve 11 is substantially closed by the third rocker 
arm 21 with the third roller 29 touching the upheaved 
portion 17. At that time, the second rocker arm 20 with 
the second roller 28 touching the cam for high speed 1 6 
runs idle regardless of operation of the suction valve 11 . 
[0053] When the engine 1 is rotated at a middle 
speed, the first solenoid valve 85 is opened in accord- 
ance with an instruction from the valve operation control 
means of the electronic control unit 76* the first oil pres- 
sure responsive valve 80 is opened, and pressure of the 
working oil supplied to the first connection changing 
mechanism 30 of the valve characteristic changing 
mechanism 13 becomes high. Therefore, oil pressure 
of the first oil pressure chamber 37 communicates with 
the first oil pressure supply passage 39 in the rocker 
shaft 18 becomes high, and the connecting piston 32 
and the regulating member 33 is moved to the connect- 
ing position against the return spring 34. On the one 
hand, the second connection changing mechanism 31 
is in the disconnecting position. As the result, the first 
and third rocker arms 19,21 are connected to each other 
and rocking motion of the first rocker arm 19 with the 
first roller 27 touching the cam for low speed 1 5 is trans- 
mitted to the third rocker arm 21 connected to the first 
rocker arm so that both the suction valves 11 are driven 
to open and close. At that time, the third roller 29 of the 
third rocker arm 21 is distant from the upheaved portion 
17, and the second rocker arm 20 runs idle regardless 
of operation of the suction valve 11 . 
[0054] When the engine 1 is rotated at a high speed, 
the first solenoid valve 85 and a second solenoid valve 
are opened in accordance with' an instruction from the 
electronic control unit 76, the first and second oil pres- 
sure responsive valves 80, 81 are opened and pres- 
sures of the working oils supplied to the first and second 
connection changing mechanisms 30, 31 of the valve 
characteristic changing mechanism 13 become high. 
Therefore, oil pressures transmitted to the first and sec- 



ond oil pressure chambers 37, 45 from the first and sec- 
ond oil pressure supply passages 39, 47 in the rocker 
shaft 18 become high. As the result, the connecting pis- 
ton 32 and the regulating member 33 of the first connec- 
tion changing mechanism 30 remain in the connecting 
position, on the one hand the connecting piston 41 , the 
connecting pin 42 and the regulating member 43 move 
to the connecting position against the return spring 44* 
and the first, second and third rocker arms 19, 20, 21 
are integrally connected, so that rocking motion of the 
second rocker arm 20 with the second roller 28 touching 
the cam for high speed 16 is transmitted to the first and 
third rocker arms 19, 21 integrally connected to the sec- 
ond rocker arm 20, and the two suction valves 11 are 
driven so as to open and close. At that time, the cam for 
low speed 15 runs idle being distant from the first roller 
27 of the first rocker arm 19 and the upheaved portion 
17 runs idle being distant from the third roller 29 of the 
third rocker arm 21. 

[0055] Thus, on the low speed rotation of the eng\\{ 
1, one of the suction valves 11 is driven at a small lift 
and a small opening period, and another suction valve 
11 is in substantially closed resting state. On the middle 
rotation of the engine 1, both the suction valves 11 can 
be driven at the small lift and the small opening period. 
On the high rotation of the engine 1 , both the suction 
valves 11 can be driven at a large lift and a large opening 
period. 

[0056] The above is the same with respect to the valve 
characteristic changing mechanism 13 of the exhaust 
valve 12 side and operation of the two exhaust valves 
12, too. 

[0057] Next, operation of the valve phase variable 
mechanism 50 will be described. 
[0058] When the engine 1 is stopped, the valve phase 
variable mechanism 50 is kept at a most retarded state 
in which volume of the retard chamber 62 is largest, vol- 
ume of the advance. chamber 61 is zero and the lock pin 
57 is fitted to the lock hole 8c of the cam sprocket t 
When the engine is started, the oil pump 70 operates 
and if oil pressure supplied to the advance chamber 61 
through the linear solenoid valve 90 exceeds a prede- 
termined value, the lock pin 57 leaves the lock hole 8c 
by the oil pressure to allow operation of the valve phase 
variable mechanism 50. 

[0059] In this state, if duty ratio of the duty solenoid is 
increased from a set value corresponding to a neutral 
position, 50 % for example, the spool 92 is moved from 
its neutral position shown in Fig. 9 to the left so that the 
inlet port 91a connected with the oil pump 70 communi- 
cates with the advance port 91 b through the groove 92a 
and the retard port 91 c communicates with the drain port 
91e through the groove 92e. As the result, oil pressure 
acts to the advance chamber 61 of the valve phase var- 
iable mechanism 50, so that the suction cam shaft 9 ro- 
tates anticlockwise in Fig. 6 relatively to the cam sprock- 
et 8 and cam phase of the suction cam shaft 6 alters to 
the advance side continuously. Then, when a target cam 
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phase is obtained, the duty ratio of the duty solenoid 93 . 
is set at 50 % to position the spool 92 of the linear so- 
lenoid valve 90 at the neutral position as shown in Fig. 
9, where the inlet port 91a is closed between the lands 
92b, 92c and the retard port 91c and the advance port 5 
91 b are closed by the lands 92b, 92c respectively. Thus, 
the cam sprocket 8 and the suction cam shaft 6 are fixed 
relatively to maintain the cam phase constant. 
[0060] In order to alter the cam phase of the suction 
cam shaft 6 to the retard side continuously, the duty ratio 
of the duty solenoid 93 is reduced from 50 % to move 
the spool 92 to the right from the neutral position, so that 
the inlet port 91a connected with the oil pump 70 com- 
municates with the retard port 91c through the groove 
92a and the advance port 91b communicates with the 
drain port 91 d through the groove 92d. When a target 
cam phase is obtained, the duty ratio of the duty sole- 
noid 93 is set at 50 % to position the spool 92 at the 
neutral position as shown in Fig. 9. Thus, the inlet port 
91a, the retard port 91c and the advance port 91b are 
closed to maintain the cam phase constant. 
[0061] In this manner, opening-closing period of the 
suction valve 11 can be advanced or retarded continu- 
ously over a range of 30 degrees of rotational angle of 
the suction cam shaft 6, by altering phase of the suction 
cam shaft 6 with regard to phase of the crankshaft 4 by 
means of the valve phase variable mechanism 50. 
[0062] Next, modes of controlling the valve character- 
istic changing mechanism 13 and modes of changing 
the fuel injection amount and the ignition period with re- 
spect to the suction valve 11 will be described with ref- 
erence to flow charts. Those with respect to the exhaust 
valve 12 are the same. 

[0063] Fig. 10 is a flow chart showing a routine for 
changing valve operation characteristic between a low 
speed rotation and a middle speed rotation by the first 
connection changing mechanism 30 of the valve char- 
acteristic changing mechanism 13 and for changing 
maps of fuel ignition amount and ignition period. The 
routine is carried out every set times. 
[0064] At the step S1 1 , whether a sensor or the like is 
out of order or not is discriminated, and if it is out of order, 
close instruction is sent to the first solenoid valve 85 at 
the step S12 to obtain the low speed valve operation 
characteristic in which one of the suction valves 11 is 
driven by the cam for low speed 15 and another suction 
valve 11 is substantially closed to rest. 
[0065] If it is discriminated to be not out of order at 
S11, the flow advances to S 13, and if the engine 1 is in 
starting operation, and after-starting delay timer T5 is 
set at a set time, 5 seconds for example, at S14, then 
the flow advances to S1 2 to close the first solenoid valve 
85. 

[0066] When starting of the engine 1 is completed, un- 
til the after-starting delay timer TS times up at S15, the 
flow goes to S12 to maintain the first solenoid valve 85 
in the closed state. When the set time of the after-start- 
ing delay timer TS elapses, namely when 5 seconds 



elapses after starting, whether the cooling water tem- 
perature TW is lower than a set water temperature TW1 , 
for example 60 *, ornot, namely whether warming ofthe 
engine has been completed or not, is discriminated 
based on a detecting signal of a cooling water temper- 
ature sensor at S16. If it is in warming-up, a change pro- 
hibiting flag FIN for prohibiting changeover ofthe valve 
operation characteristic by the first connection changing 
mechanism 30 is set at "1" at the step S17, then the flow 
advances to the step S 19. 

[0067] When the warming-up is completed, the 
change prohibiting flag FIN is set at "0" at the step S18. 
At the step S1 9, whether the change prohibiting flag FIN 
is set at "1" or not, namely whether the change is pro- 
hibited or not, is discriminated, and when the change is 
prohibited, the close instruction is sent to the first sole- 
noid valve 85 at the step S12. 

[0068] If the change prohibiting flag FIN is not "1" at 
the step. S 19, whether the engine rotational speed de- 
tected by a rotational speed sensor is lower than a set 
rotational speed Ne1, for example 2000 rpm, or not is 
discriminated at the step S20, and when the rotational 
speed is lower than the set rotational speed Ne1 , that is 
on low speed rotation, the flow advances to the step 
S21. When the fuel injection amount map and the injec- 
tion period map for middle speed are not selected at the 
last time, namely when the first connection changing 
mechanisms 30 of all cylinders are not changed to mid- 
dle speed valve operation characteristics, at the step 
S21, the flow advances to the step S12. 
[0069] When maps of fuel injection amount and igni- 
tion period for middle speed have been selected at S21 , 
the closing instruction is sent to the first solenoid valve 
85 at S22, then whether the first oil pressure switch 88 
is turned on or not, namely whether oil pressure of the 
first oil pressure supply passage 39 is low or not, is dis- 
criminated at S23. When the first solenoid valve 85 is 
changed over from open to close, until the first oil pres- 
sure switch is turned on at S23, the flow advances to 
S31 and further a series of treatments of STEPS s32 to 
S35, setting of delay time for low speed, setting of 
changing delay timer for low speed TL, selection of fuel 
injection amount map for middle speed used in fuel in- 
jection amount control routine and ignition period map 
for middle speed used in ignition period control routine, 
and setting of the middle speed valve operation charac- 
teristic flag F1 to "1" , are carried out, to use the map for 
middle speed continuously. 

[0070] When the first oil pressure switch 88 is turned 
on at S23, whether the set time of the changing delay 
timer for low speed TL has elapsed or not is discriminat- 
ed at S24. When the set time of the timer TL does not 
elapse, fuel injection amount map for middle speed and 
the ignition period map for middle speed are selected at 
S34 and the middle speed valve operation characteristic 
flag F1 is set to "1" at S35. / 
[0071] When the. set time of the changing delay timer 
for low speed TL elapses at S24, at all cylinders, the 
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* valve operation characteristic is changed from the mid- 
dle speed valve operation characteristic in which both 
suction valves 11 are driven by the cam for low speed 
15 to the low speed valve operation characteristic in 
which one of the suction valves 11 is driven by the cam 5 
for low speed 15 and another suction valve 11 is sub- 
stantially closed to rest. Then, a delay time for middle 
speed is set at S25 and the time is set in the changing 
delay timerfor middle speed TM1 atS26. In succession, 
the fuel injection amount map for low speed and the ig- 10 
nition period map for low speed are selected by the map 
changing means of the electronic control unit 76 at S27 
to change from the map for middle speed to the map for 
low speed. Thereafter, the middle speed valve operation 
characteristic flag F1 is set to "0" at S28, because the 15 
valve operation characteristic at that time is the low 
speed valve operation characteristic. 
[0072] If the engine rotational speed Ne is above the 
set rotational speed Ne1 at S20, opening instruction, 
that is, an instruction for changing to the middle speed 20 
valve operation characteristic is sent to the first solenoid 
valve 85 at S29. And whether the first oil pressure switch 
88 turns off or not, that is, whether oil pressure of the 
first oil pressure supply passage 39 is high or not is dis- 
criminated at S30. When the first solenoid valve 85 is 25 
changed from "close" to "open", until the first oil pres- 
sure switch 88 is turned off from "on", the flow advances 
to S24, and further a series of treatments of steps S25 
to S28, setting of delay time for middle speed, setting of 
changing delay timer TM1 for middle speed, selection 30 
of fuel injection amount map for low speed and ignition 
period map for low speed, and setting of the middle 
speed valve operation characteristic flag F1 to "0" are 
carried out, to use the map for low speed continuously. 
[0073] When the first oil pressure switch 88 is turned 35 
off for showing high pressure of thefirst oil pressure sup- 
ply passage 39 at S30, whether the changing delay tim- 
er for middle speed TM1 times up or not is discriminated 
at S31 . If the set time of the timer TM1 does not elapse, 
the fuel injection amount map for low speed and the ig- 40 
nition period map for low speed are selected at S27 and 
the middle speed valve operation characteristic flag F1 
is set to "0" atS28. 

[0074] When the set time of the changing delay timer 
for middle speed TM1 elapses at S31, at ail cylinders, 45 
the valve operation characteristic is changed from the 
low speed valve operation characteristic in which one of 
the suction valves 11 is driven by the cam for low speed 
15 and another suction valve 11 is substantially closed 
to rest to the middle speed valve operation characteristic so 
in which both suction valves are driven by the cam for 
low speed 15. Then, a delay time for low speed is set at 
S32 and the time is set in the changing delay timer for 
low speed TL at S33. In succession, the fuel injection 
amount map for middle speed and the ignition period 55 
map for middle speed are selected by the map changing 
means of the electronic control unit 76 at S34 to change 
from the map for low speed to the map for middle speed. 



Therefore, the middle speed valve operation character- 
istic flag F1 is set to "1 " at S35. 

[0075] The times which are set in the changing delay 
timers for low speed and middle speed TL, TM1 are set 
by a delay time setting routine to be mentioned later 
adapted to a time required for completing changing ac- 
tions of the first connection changing mechanisms 30 of 
all cylinders when oil pressure of the first oil pressure 
supply passage 39 is altered, and reflect property of the 
oil operating the valve characteristic changing mecha- 
nism 13, particularly its viscosity. Therefore, responsive- 
ness of changing of the valve operation characteristic to 
the oil property is taken into consideration. Accordingly, 
even if the oil property is altered by change of engine 
operational condition for example, timing of changing 
maps for low speed and maps for middle speed to each 
other after the delay time elapses coincides with timing 
of completion of changing of the valve operation char- 
acteristics at all cylinders, so that fuel injection amount 
and ignition period appropriate for the valve operatic! 
characteristic over a wide range of engine operation can 
be obtained and improvement of exhaust emission is 
possible. 

[0076] When it is discriminated to be out of order at 
S11, when it is discriminated to be in starting at S13, 
when it is discriminated that 5 seconds do not elapse 
after completion of starting at S15, when the change 
prohibiting flag is not set to "1" at S19, and when fuel 
injection amount map and ignition period map for middle 
speed have been selected at S2 1 , the flow advances to 
S12 to close the first solenoid valve 85. After that, a de- 
lay time for middle speed is set at S25, the time is set 
in the changing delay timer for middle speed TM1 AT 

526, the fuel injection amount map for low speed and 
the ignition period map for low speed are selected at 

527, and the middle speed valve characteristic flag F1 
is set to "0" at S28. 

[0077] Next, a routine for changing valve operation 
characteristic and changing maps of fuel injecti^ 
amount and ignition period between middle speed rota- 
tion and high speed rotation by the second connection 
changing mechanism 31 of the valve characteristic con- 
nection changing mechanism 31 of the valve character- 
istic changing mechanism 13^ Fig 11 shows this chang- 
ing routine which is carried out every set times. 
[0078] At S41, whether a sensor or the like is out of 
order or not is discriminated, and if it is out of order, 
chose instruction is sent to the second solenoid value 
at S42. In accordance with the engine rotational speed 
Ne at that time, the suction valves 11 becomes that low 
speed valve operation characteristic in which one of the 
suction valve 11 is driven by the cam for low speed 15 
and another suction valve 11 is substantially closed to 
rest, or the middle speed valve operation characteristic 
in which both suction valves 11 are driven by two cam 
for low speed 15. After the second solenoid valve is 
closed at S42, the flow advances at S49. 
[0079] If it is discriminated to be not out of order at 
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S41, the flaw advances to S43 and whether the middle 
speed valve operation characteristic flag F1 is "1" or not, 
namely whether the suction valve 11 is in the middle 
speed valve operation characteristic or not is discrimi- 
nated. If the valves 11 is not in the middle speed valve 
operation characteristic, close instruction is sent to the 
second solenoid valve at S42 and the valves 11 be- 
comes the low speed valve operation characteristic in 
which one of the suction valves 11 is driven by the cam 
for low speed 15 and another suction valve 11 is sub- 
stantially chose to rest. 

[0080] When it is in the middle speed valve operation 
characteristic at S43, whether the engine rotational 
speed Ne is lower than a set rotational speed Ne2, for 
example 500 rpm, a not is discriminated at S 44, and 
when the engine rotational speed is lower than the set 
rotational speed Ne2, namely in middle speed opera- 
tion, whether the high speed valve characteristic flag F2 
has been set to "1" a not is discriminated at S45. If the 
high speed valve operation characteristic flag F2 is "O", 
namely if the second connection changing mechanism 
31 of alt cylinders are not changed to the high speed 
valve operation characteristic, the flow advances at 
A42. At that time the suction valve 11 are in the middle 
speed valve operation characteristic in which the suc- 
tion valve 11 are driven by the cam for low speed 15. 
[0081] When the high speed valve operation charac- 
teristic has been "I" at S45, after the close instruction 
is sent to the second solenoid valve at S46, whether or 
not the second oil pressure which is turned on, namely 
pressure of the second oil pressure supply passage 47 
is low, is discriminated at S47. 

[0082] When the second solenoid valve changes from 
"open" to "close", until the second oil pressure switch 
turns on at S47, the flow advances to S55, further a se- 
ries of treatments of S56 to S59, namely setting delay 
time for middle speed, setting of the middle speed 
changing delay timer TM2, selection of the high speed 
fuel ignition amount map and the high speed ignition pe- 
riod map, and setting high speed valves apparatus char- 
acteristic of flag F2 to "1 ", are carried out to use the map 
for high speed continuously. 

[0083] When the second oil pressure switch is turned 
on to lowerthe pressure at step S47, it is judged, at step 
S48, whether or not the set time elapses with the chang- 
ing delay timer for middle speed TM2. When time is not 
up with the changing delay timer for middle speed TM2, 
the fuel injection quantity map for high speed and the 
ignition timing map for high speed are selected at step 
S88, and the high-speed valve operating characteristic 
flag F2 is set to "1" at step S89. 

[0084] When the set time elapses with the changing 
delay timer for middle speed TM2 at step 548, all the 
cylinders are changed from high-speed valve operating 
characteristics in which both the suction valves 11 are 
driven by the cam for high speed 16 to middle-speed 
valve operating characteristics in which both the suction 
valves 11 are driven by the cam for low speed 15. The 



delay time for high speed is set at step S49 and the time 
is set to the changing delay timer for high speed TH at 
step S50. Successively, at step S51, the fuel injection 
quantity map for middle speed and the ignition timing 

5 map for middle speed are selected by the map changing 
means of the electronic control unit 76, thereby chang- 
ing from the map for high speed to the map for middle 
speed. Thereafter, at step S52, the valve operating char- 
acteristics at this time are middle-speed valve operating 

10 characteristics, and hence the high-speed valve oper- 
ating characteristic flag F2 is set to "0". 
[0085] When the engine speed is equal to or more 
than the set speed Ne2 at step S44, a valve opening 
command of the second solenoid valve, i.e., a changing 

15 command to the high-speed valve operating character- 
istics, is issued at step S53. And, it is judged, at step 
S54, whether or not the second oil pressure switch is 
turned off, i.e. whether or not oil pressure of the second 
oil pressure supply passage 47 is increased to high 

20 pressure. At the time of changing from closing of the 
second solenoid valve to opening thereof, while the sec- 
ond oil pressure switch is turned from on to off at step 
S54, the flow proceeds to step S48, and furthermore a 
series of processes at steps S49 to S52 are executed, 

25 i.e. setting of the delay time for high speed, setting of 
the changing delay timer TH for high speed, a selection 
of the fuel injection quantity for middle speed and the 
ignition timing map for middle speed, and setting of the 
high-speed valve operating characteristic flag F2 to "0" 

30 are executed, and the map for middle speed is continu- 
ously used. 

[0086] When the second oil pressure switch is turned 
off to increase the pressure of the second oil pressure 
supply passage 47 at step S54, it is judged, at step S55, 

35 whether or not the set time elapses with the changing 
delay timer for high speed TH. When the set time has 
not elapsed with the changing delay timer for high speed 
TH, the fuel injection quantity map for middle speed and . 
the ignition timing map for middle speed are selected at 

40 step S51, and the high-speed valve operating charac- 
teristic flag F2 is set to "0" at step S52. 
[0087] When the set time elapses with the changing 
delay timer for high speed TH is at step S55, all the cyl- 
inders are changed from middle-speed valve operating 

45 characteristics in which both the suction valves 11 are 
driven by the cam for low speed 15 to high-speed valve 
operating characteristics in which both the suction 
valves 11 are driven by the cam for high speed 16. And, 
the delay time for middle speed is set at step S56 and 

50 the time is set to the changing delay timer for middle 
speed TM2 at step S57. Successively, at step S58, the 
fuel injection quantity map for high speed and the igni- 
tion timing map for high speed are selected by the map 
changing means of the electronic control unit 76, there^ 

55 by changing from the map for middle speed to the map 
for high speed.. Thereafter, at step S59, the high-speed 
valve operating characteristic flag F2 is set to "1". 
[0088] In this step also, the delay time to be set to the 
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delay timers for middle speed TM2 and high speed TH 
is set in conformity with a period of time in which oil pres- 
sure of the second oil pressure supply passage 47 
changes and the second connection changing mecha- 
nisms 31 of all the cylinders have completed changing 
operations, and the values are set in the below-de- 
scribed delay time set routine as well as the delay time 
in the first connection changing mechanism 30. Accord- 
ingly, properties of oil affect the time, and even if the oil 
properties change due to change in driving state of the 
engine, timing of changing between both the maps for 
middle speed and both the maps for high speed after 
this delay time has elapsed substantially coincides with 
a timing in which changing of the valve operating char- 
acteristics of all the cylinders has completed. For this 
reason, the fuel injection quantity and the ignition timing 
are set appropriately for the valve operating character- 
istics in a wide range of an engine drive region, thereby 
enabling improvement in exhaust emission. 
[0089] In this connection, when it is judged, at step 
S41, that a fault occurs, when the middle-speed valve 
operating characteristics flag F1 is not set to "1" at step 
S43, and when the previous high-speed valve operating 
characteristic flag F2 is not set to "1" at step S45, the 
flow proceeds to step S42 as described above, and the 
second solenoid valve is closed, thereafter the delay 
time for high speed is set at step S49, and the time is 
set to the changing delay timer for high speed TH at step 
S50, the fuel injection quantity map for middle speed 
and the ignition timing map for middle speed are select- 
ed at step S51, and the high-speed valve operating 
characteristic flag F2 is set to "0" at step S52. 
[0090] A control aspect of a valve phase variable 
mechanism 50 will be described with reference to a flow- 
chart. 

[0091] A flowchart of Fig. 12 shows a routine of cal- 
culating a target cam phase and this routine is executed 
in each set time. 

[0092] First of all, when the internal combustion en- 
gine l is driven for starting at step S61, a started state 
cam phase control disable timer TS is set to a set time, 
e.g., 5 sec, at step S62, a valve phase variable mecha- 
nism operating delay timer TD is set to a set time, e.g., 
0.5 sec, at step S63, and a target cam phase CM is set 
to "0", at step S64, and a valve phase variable mecha- 
nism control enable flag F indicating whether to enable 
operation of the valve phase variable mechanism 50 is 
set to "0", at step S65, and the operation is disabled. 
[0093] When the internal combustion engine 1 has 
completed starting, until the set time elapses with the 
started state cam phase control disable timer TS at step 
S66, the flow proceeds to step S63 r and, in turn, transfer 
to steps S64 and S65, and the operation of the valve 
phase variable mechanism 50 is disabled. When the set 
time elapses with the started state cam phase control 
disable timer TS and 5 sec elapses after started, the flow 
transfers to step S67. If a valve phase variable mecha- 
nism fault flag FNG is set to "1" at step S67, or a fault 



of a sensor, etc. other than the valve phase variable 
mechanism 50 of a sensor, etc. occurs at step S68,lthe 
flow transfer to steps S63 to S65, and the operation of 
the valve phase variable mechanism 50 is disabled. 

5 [0094] If a fault does not occur in both steps S67 and 
. S68, it is judged, at step S69, whether or not the internal 
combustion engine 1 is driven idly, at step S69. During 
the idle driving, e.g., a throttle valve opening detected 
by a throttle valve opening sensor is an entirely closed 

10 state, and also when engine speed detected by a speed 
sensor is in the proximity of 700rpm, the flow transfers 
to steps S63 to S65, and the operation of the valve 
phase variable mechanism 50 is disabled. . 
[0095] If not during the idle driving at step S70, it is 

15 judged whether or not coolant temperature TW detected 
by a coolant temperature sensor is between a lower- 
most value TW2, e.g., 0°C and an uppermost value 
TW3, e.g., 110°C. It is judged, in turn, at step S71, 
whether or not engine speed Ne detected by the speed 

20 sensor is higher than a lowermost value Ne3, e.c( 
1500rpm, and if respective conditions of steps S70 and 
S71 prove abortive, the flow transfers to steps S63 to 
S65, and the operation of the valve phase variable 
mechanism 50 is disabled. 

25 [0096] When it is judged, at step S71, that the engine 
speed Ne is higher than the lowermost value Ne3, the 
flow transfers to step S72 so that the valve phase vari- 
able mechanism 50 is operated. At step S72, a map of 
a target cam phase set by use of negative a suction mi- 

30 nus pressure and the engine speed as parameters is 
retrieved. Here, a means for retrieving a target cam 
phase CM at step S72 is a target phase setting means. 
[0097] At step S73, the value procured by retrieving 
at step S72 is set as the target cam phase CM. At step 

35 S74, in order to prevent hunting when the valve phase 
variable mechanism 50 is transferred from a non-oper- 
ating state to an operating state, after the valve phase 
variable mechanism operating delay timer TD awaits 
time-up, the valve phase variable mechanism contrf 

40 enable flag F is set to "1" at step S75, and the operation 
of the valve phase variable mechanism 50 is enabled. 
[0098] A flowchart of Fig. 13 shows a routine of feed- 
back-controlling a cam phase by means of the valve 
phase variable mechanism 50, and this routine is exe- 

45 cuted in each set time. 

[0099] First of all, when a valve phase variable mech- 
anism fault flag FNG is not set to "1" at step S81 and 
the valve phase variable mechanism 50 is normal, and 
further the valve phase variable mechanism enable flag 

50 F is set to "1" at step S82 and the valve phase variable 
mechanism 50 is being operated, a deviation DM be- 
tween the target cam phase CM calculated in a target 
cam phase calculation routine and a real cam phase C 
which is an actual cam phase calculated from outputs 

55 of a suction cam shaft sensor 67 and a crankshaft sen- 
sor is calculated at step S83, and also a difference DC 
between a real cam phase C(n-1) in a previous loop and 
a real cam phase C(n) in a present loop is calculated at 
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step S84. Here, a means for calculating the real cam 
phase C from the outputs of the suction cam shaft sen- 
sor 67 and the crankshaft sensor is a phase detecting 
means. 

[0100] If the valve phase variable mechanism control 5 
enable flag F changes from "0" to "1" at next step S85, 
i.e., in case the operation of the valve phase variable 
mechanism 50 is changed from the disable to the enable 
in a present loop, the flow transfers to step S86, and the 
deviation DM is compared with a first feedforward con- 10 
troi decision value D1, e.g., a value corresponding to 
10° crank angle. This results in that, if the deviation DM 
is greater than the first feedforward control decision val- 
ue D1 , a feedforward control flag FFF is set to "1" at step 
S87, and the valve phase variable mechanism 50 which *5 
should intrinsically be feedback-controlled is feedfor- 
ward-controlled. 

[0101] That is, after a manipulated variable D(n) in a 
present loop of the valve phase variable mechanism 50 
is set to an uppermost value DH1 at step S89, a duty 20 
ratio DOUT of a linear solenoid valve 90 of the valve 
phase variable mechanism 50 is set as a present ma- 
nipulated variable D(nj at step S103. In subsequent 
loops, as the decision result at step S85 is NO and also 
the decision result at step S90 is YES, the deviation and 25 
the first feedforward control decision value D1 are rec- 
ompared, in size at step S86, and while the deviation DM 
is greater, the flow transfers to step S103 through steps 
S87 to S89. 

[0102] Accordingly, if a deviation DM between a target 30 
cam phase CM and a real cam phase C is great, when 
the valve-phase variable mechanism 50 is started con- 
trolling, a present manipulated variable D(n) of the valve 
phase variable controlling is set to the uppermost value 
DH1 which is a constant, while the state continues, 35 
whereby the valve phase variable mechanism 50 is 
feedforward-controlled. As mentioned above, only while 
convergence is feared since the deviation DM is great, 
the feedforward control continues, with the result that 
responsibility and convergence can be made compati- *o 
ble. 

[01 03] In case the deviation DM is equal to or smaller 
than the first feedforward control decision value D1 from 
the beginning of control at step S86, or in case the de- 
viation DM becomes equal to or smaller than the first 45 
feedforward control decision value D1 during the afore- 
said feedforward control, the feedforward control flag 
FFF of the valve phase variable mechanism 50 is set to 
"O" at step S91, and the flow transfers to step S92. At 
step 592, if a previous integral term D1(n-1) is zero, a 50 
previous integral term D1(n-1) is set to an initial value 
at step S93. 

[0104] At step S94, the deviation DM (in case the tar- 
get cam phase CM is greater than the real cam phase 
C) is compared with a second feedforward control deci- 55 
sion value D2 which is smaller than the first feedforward 
control decision value D1. This results in that, if the de- 
viation DM between the both is great, after a present 



manipulated variable D(n) is set to an uppermost value 
DH2 at step S95, the duty ratio DOUT of the linear so- 
lenoid valve 90 is set as the present manipulated varia- 
ble D(n) at step S 103. 

[0105] Likewise, at stqp S96, the deviation DM (in 
case the target cam phase CM is smaller than the real 
cam phase C) is compared with a third feedforward con- 
trol decision value D3 which is smaller in absolute value 
than the first feedforward control decision value D1 . This 
results in that, if the deviation DM between the both is 
great, the duty ratio DOUT of the linear solenoid vaive 
90 is set as the present manipulated variable D(n) at 
step S103 after a present manipulated variable D(n) is 
set to a lowermost value DL2 at step S97,. 
[0106] Thus, even after the deviation DM becomes 
the first feedforward control decision value D1 or less at 
step S86, until the deviation DM becomes the second 
and third feedforward control decision value D2, D3 or 
less at steps S94, S96, the present manipulated variable 
D(n) is switched from the uppermost value DH1 to the 
uppermost value DH2 or the lowermost value DL2 and 
the feedforward controlling continues, whereby the re- 
sponsibility and convergence are contrived to make 
compatible. 

[0107] If the absolute value of the deviation DM is suf- 
ficiently reduced by the aforesaid feedforward control 
and both the steps S94 and S96 end in failure, after a 
proportional term gain KP, an integral term gain Kl, and 
a differential term gain KV are calculated at step S98 in 
order to perform PID feedback controlling, a proportion- 
al term DP, an integral term Dl, and a differential term 
DV are calculated by the following equation at step S99, 
respectively: 

DP=KP*DM 



DI=KI*DM+DI(n-1) 
DV=KV*DC 

[01 08] At step S1 00, the present manipulated variable 
D(n) of the PID feedback controlling is calculated as a 
sum of the proportional term DP, the integral term Dl, 
and the differential term DV. 

[0109] Successively, at steps S101 and S102, a limit 
process of the present manipulated variable D(n) is ex- 
ecuted. That is, if the present manipulated variable D(n) 
exceeds an uppermost value DH3 at step S101 , an up- 
permost value DH2 is set as the present manipulated 
variable D(n) at step S95, and also if the present manip- 
ulated variable D(n) is less than a lowermost value DL3 
at step S102, a lowermost value DL2 is set as the 
present manipulated variable D(n) at step S97. At step 
S103, the present manipulated variable D(n) is used as 
the duty ratio DOUT of the linear solenoid valve 90, and 
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the valve phase variable mechanism is feedback-con- 
trolled so that the deviation DM between the target cam 
phase CM and the real cam phase C is converged to 
zero. 

[0110] In the meantime, when the valve phase varia- 5 
ble mechanism 50 is failing at step S81 and a valve 
phase variable mechanism fault flag FNG is set to "1", 
at step S105 through step S104, a value of the present 
manipulated variable D(n) is set to, e.g., a fault recovery 
set value DT equivalent to the duty ratio 50% of the lin- 10 
ear solenoid valve 90, and at next step S106, a fault 
recovery timer TNG is set. While the set time elapses 
with the fault recovery timer TNG from a next loop, a 
decision result at step S104 is NO and the present ma- 
nipulated variable C(n) is set to "0" at step S107. 15 
[0111] According to such control, in case the vaive 
phase variable mechanism 50 failed, the valve phase 
variable mechanism 50 is set in a most angularly retard- 
ed state, and besides the linear solenoid valve 90 forth- 
with interconnects an inflow port 91a to an angular ad- 20 
vance port 91b within a set time, and the valve phase 
variable mechanism 50 can be operated to an angularly 
advanced side. This results in that, in case a fault occurs 
due to bite-in of dust, or in case a fault decision is made 
in an instant by pulsation, etc. of the oil pressure circuit, 25 
the valve phase variable mechanism 50 or the linear so- 
lenoid valve 90 can automatically be recovered to a nor- 
mal state. 

[0112] Furthermore, when the valve phase variable 
mechanism control enable flag F is set to "0" at step S82 30 
and the operation of the valve phase variable mecha- 
nism 50 is disabled, the valve phase variable mecha- 
nism feedforward control flag FFF is set to "0" at step 
S108, and, in turn, after the present manipulated varia- 
ble D(n) of the valve phase variable mechanism 50 is 35 
set to the lowermost value DL1 at step S109, the duty 
ratio DOUT of the linear solenoid valve 90 of the valve 
phase variable mechanism 50 is set as the present ma- 
nipulated variable D(n) at step S103. 
[0113] A flowchart of Fig. 14 is a flowchart of valve 40 
operating characteristics by the first connection chang- 
ing mechanism 30 and a changing routine of both the 
maps of fuel injection quantity and ignition timing as 
shown in Fig. 10, indicating a delay time set routine ex- 
ecuted at respective steps S25 and S32 for setting a 45 
delay time to be set to respective changing delay timers 
for low speed and middle speed TL, TM1. 
[0114] By use of the difference DC between the pre- 
vious real cam phase C(n-1) and the present real cam 
phase C(n) calculated in feedback control of the cam so 
phase by the valve phase variable mechanism 50, i.e., 
a change speed of the real cam phase C, and the duty 
ratio of a current quantity which is duty-controlled for re- 
taining a spool 92 of the linear solenoid valve 90 at a 
neutral position, properties of oil which is an operating 55 
oil are detected and a delay time is set based on the 
detected oil properties. 

[0115] First, it is judged, at step S11'1, whether or not 



coolant temperature TW is lower than a set value TW4 
(e.g., 80°C) higher than a warm-up decision tempera- 
ture based on a detection signal from a coolant temper- 
ature sensor. When the coolant temperature TW is lower 
than the set value TW4, as oil temperature takes various 
values according to a state of the internal combustion 
engine 1, the oil properties represented by the viscosity 
of an oil are various. Therefore, it is necessary to know 
the oil properties including the viscosity of an oil, in order 
that the operating responsibility of a valve characteristic 
changing mechanism 13 depending on the oil proper- 
ties, i.e., a time required for changing operation is accu- 
rately evaluated. On the other hand, when the coolant 
temperature TW is equal to or more than this set value 
TW4, great changes do not occur in the operating re- 
sponsibility of the valve characteristic changing mecha- 
nism 13 due to changes in oil temperature. Therefore, 
in case it is judged that-the coolant temperature TW is 
equal to or more than the set value TW4 at step S111 
control proceeds to step S112, and the delay time is co( 
stant to a set value (a fixed value), e.g., 0.2 sec. 
[0116] When the coolant temperature TW is lower 
than the set value TW4, it isjudged, at step S113, wheth- 
er or not the engine speed Ne is in the range of the set 
lowermost value Ne5andthe uppermost value Ne6 con- 
taining the changing speed of valve operating charac- 
teristics by the valve characteristic changing mecha- 
nism 13, e.g., in the range of 100O to 3000rpm, based 
on a detection signal from the speed sensor. When the 
engine speed is outside this range, the delay time is set 
as a set value at step S112. 

[01 17] When it is judged that the engine speed Ne is 
within the set range at step S113, it is judged, at step 

5114, whether or not the present target cam phase CM 
(n) changes from the previous target cam phase CM(n- 
1), and in case there is a change, it is judged, at step 

5115, whether or not the set time elapses with a first 
timer T1 with the passage of a set time, e.g., a prede- 
termined time of a period of time of 1 to 2 sec, and wh( 
the set time elapses, after the set time is set in the first 
timer T1 at step S116, the flow proceeds to step S112. 
[01 18] In case it is judged, at step S115, that the set 
time has not elapsed with the first timer T1 , at step S 1 1 7, 
a delay time is acquired with reference to a map indicat- 
ing a relationship between the delay time and the differ- 
ence DC as shown in Fig. 16, based on the difference 
DC between the previous real earn phase C(n-1) and 
the present real, cam phase C(n) which is acquired at 
step S84 in the flowchart of the feedback control routine 
of Fig. 13. Here, a means for acquiring the difference 
DC between the previous real cam phase C(n-1) and 
the present real cam phase C(n) at step S84 is a phase 
change speed calculating means for calculating a 
change speed of a phase, constituting an operating oil 
property detecting means. Furthermore, a means for ac- 
quiring a delay time at step S117 is a delay time setting 
means. In this connection, two types of map are pre- 
pared for use in the aforesaid steps S25 and S32; re- 
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spectively, and are stored in a memory of an electronic 
control unit 76. 

[0119] The reason why .it is possible to detect the oil 
properties from the difference DC between the previous 
real cam phase C(n-1) and the present real cam phase 
C(n) is that the valve phase variable mechanism 50 as 
a device for changing a cam phase is operated by the 
pressure of the oil and that the behavior depends on the 
oil properties such as viscosity of the oil, etc. 
[0120] . That is, in the valve phase variable mechanism 
50, oil controlled by the linear solenoid valve 90 is sup- 
plied to an angular advance chamber 61 and an angular 
retard chamber 62 of the valve phase variable mecha- 
nism 50 to rotate a suction cam shaft 6. Accordingly, af- 
ter the linear solenoid valve 90 starts controlling an 
opening area of an advance port 91b and a retard port 
91c, and further after the oil passes through the oil pas- 
sage and flows into the advance chamber 61 or the re- 
tard chamber 62, the suction cam shaft 6 starts rotating 
by a difference in oil pressures between the advance 
chamber 61 and the retard chamber 62, and a state of 
the valve phase variable mechanism 50 changes until 
the rotation ends. It is evident that such the state change 
depends on the oil properties represented by the viscos- 
ity of oil (oil temperature is one index indicating the oil 
properties, but this also finally relates to the viscosity of 
an oil). Therefore, it is possible to detect the properties 
of oil based on behavior of the valve phase variable 
mechanism 50. Here, rotation state of the suction cam 
shaft 6 reflects the behavior of the valve phase variable 
mechanism 50 after the oil flows into the advance cham- 
ber 61; or the retard chamber 62, and the oil properties 
are detected from such rotation state. 
[0121] This set time is determined taking into consid- 
eration a follow-up property of the real cam phase C with 
respect to the target cam phase CM (it is obvious that 
this follow-up property reflects the oil properties from the 
above), and the behavior of the valve phase variable 
mechanism 50 for a while immediately after the target 
cam phase CM changes reflects more accurately the oil 
properties because the advance port 91b or the retard 
port 91c of the linear solenoid valve 90 is entirely 
opened. After this set time has elapsed, judging from 
the operating responsibility of the valve phase variable 
mechanism 50, there are great possibilities that the ac- 
tual cam phase is in the vicinity of the target cam phase 
CM, and therefore the spool 92 of the linear solenoid 
valve 90 is in a state of approaching a neutral position 
for clogging the advance port 91b and the retard port 
91c, and the change of the real cam phase C does not 
reflect accurately the oil properties. For this reason, the 
delay time is designed not to set from the change of the 
real cam phase C at this time. 

[0122] When it is judged, at step S114, that the target 
cam phase does not change, it is judged, at step S118, 
whether or not the absolute value of the difference be- 
tween the target cam phase CM and the real cam phase 
is within a value equivalent to 2° in crank angle, i.e., 



whether or not the real cam phase C converges to the 
target cam phase CM. When it is judged, at step S118, 
that there is a convergence, it is judged, at step S119, 
whether or not the set time elapses with a second timer 
5 T2 with the elapse of a set time, e.g., 0.5 sec, and when 
the set time has not elapsed, process proceed to step 
S112. This set time is a latency until the-real cam phase 
C coincides with the target cam phase CM from the vi- 
cinity of the target cam phase CM and the spool 92 of 
the linear solenoid valve 90 reaches a neutral position. 
[0123] When it is judged, at step S119| that the set 
time of the second timer T2 elapses, it is judged that a 
cam phase, i.e., a phase of a suction valve 11, is equal 
to the target cam phase CM to be fixed, and after a set 
time is set to the second timer T2 at step S120, a delay 
time is acquired at step S121, with reference to a map 
illustrating a relationship between a delay time and a du- 
ty ratio as shown in Fig. 17 based on the duty ratio of 
the linear solenoid valve 90 when the spool 92 is at a 
neutral position. Here, in a valve operating control 
means of the electronic control unit 76, a means for de- 
termining a duty ratio of a current quantity for retaining 
the spool 92 of the linear solenoid valve 90 at a neutral 
position is an operating oil property detecting means. 
Furthermore, a means for acquiring a delay time is a 
delay time setting means at step S121. Similarly to the 
map illustrating a relationship between a delay time and 
a difference D as shown in Fig. 16, two types of map are 
prepared for use in the aforesaid steps S25 and S32, 
respectively, and are stored in a memory of the electron- 
ic control unit 76. 

[0124] The oil properties can be detected by the duty 
ratio of the linear solenoid valve 90 when the spool 92 
is at a neutral position for retaining the cam phase at a 
constant value because a coil portion of the linear sole- 
noid valve 90 is affected by an atmospheric temperature 
and its resistant value changes. That is, in a state that 
the linear solenoid valve 90 is warmed up, a current 
quantity when the spool 92 occupies the neutral position 
is set to be a duty ratio of 50%, but since a coil temper- 
ature of the linear solenoid valve 90 is also low during 
warming up and its resistant value is smaller than a val- 
ue after warmed up, electric current with respect to the 
linear solenoid valve 90 is easy to flow. When current is 
easy to flow as mentioned above, in a state that a battery 
voltage is constant during warming up and after warmed 
up, a current quantity for retaining a neutral position of 
the spool 92 is same, but the duty ratio may be smaller 
than that after warmed up, and as the coil temperature 
is lower, the smaller is the duty ratio. On the other hand, 
as mentioned above, as oil temperature is also low dur- 
ing warming up, the viscosity as an oil property is larger 
than that after warmed up, and as the oil temperature is 
lower, this viscosity is larger. Accordingly, it is possible 
to detect the viscosity as an oil property by the duty ratio 
of the linear solenoid valve 90 when the spool 92 occu- 
pies the neutral position, i.e., when the cam phase is 
held constant. 
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[0125] When it is judged, at step S118, that the real 
cam phase C does not converge to the target cam phase 
CM, and when it is judged, at step S122, that the set 
time of a third timer T3 is up with the elapse of a set 
time, e.g., a predetermined time of a period of time of 1 5 
to 2 sec, after the set time is set to the third timer T3 at 
step S123, the flow proceeds to step S112. 
[0126] When it is judged, at step S122, that the set 
time has not elapsed with the third timer T3, the flow 
proceeds to step S117, and the delay time is acquired 10 
based on the difference DC. In this connection, the set 
time of the third timer T3 has the same sense as the set 
time set to the first timer T1 . 

[0127] Also in the flowchart of the valve operating 
characteristics by a second connection changing rnech- 15 
anism 31 and the changing routine of both the maps of 
fuel injection quantity and ignition timing as shown in 
Fig. 1 1 , in order to set the delay time to be set to respec- 
tive delay timers for middle speed and high. speed TM2, 
TH, the below routine is also used as a delay time setting 20 
routine which is executed at respective steps S49 and 
S56. Namely, as a set range of the engine speed Ne at 
step S113 in the flowchart of a routine for setting the 
delay time of the aforesaid first connection changing 
mechanism 30, the lowermost value is changed to 25 
4000rpm and the uppermost value Ne6 is changed to 
6000rpm, respectively, with the other steps remaining 
the same. In this connection, the same routine as the 
routine for 

[0128] setting the delay time of the valve characteris- 30 
tic changing mechanism 13 at a suction valves 11 side 
is used in case the delay time of the valve characteristic 
changing mechanism 13 at an exhaust valve 12 side is 
set. 

[0129] As the embodiment is constituted as above, 35 
the following effects can be exhibited. 
[0130] The delay time, which determines a changing 
timing between the fuel injection quantity map and the 
ignition timing map in response to each of valve operat- 
ing characteristics for low speed, middle speed, and 40 
high speed which are changed by the valve character- 
istic changing mechanism 1 3, is reflected by the oil prop- 
erties operating the valve characteristic changing mech- 
anism 13, in particular its viscosity, and as a result, it is 
equal to a value taking account of responsibility of 45 
changing operation of valve operating characteristics 
dependent on the oil properties. Accordingly, even if the 
oil properties change due to a change of the driving state 
of the engine, a timing of changing between the fuel in- 
. jection quantity map and the ignition timing map after so 
this delay time has elapsed substantially coincides with 
a timing when change of the valve operating character-, 
istics of all the. cylinders has been completed. For this 
reason, the fuel injection quantity and the ignition timing 
are suited/for the valve operating characteristics ranging 55 
over a wide-range engine drive region and an improve- 
ment in exhaust emission is made possible. 
[0131] As factors which influences on the oil proper- 



ties, here, in addition to a factor (e.g., oil temperature) 
based on the engine drive state, there are types of oil, 
a secular change of oil, and the like, but all the factors 
are fetched in, and as the delay time can be set based 
on the resultant oil properties, it is possible to set the 
delay time more precisely than, e.g., the case of making 
use of the oil properties detected by an oil temperature 
sensor, and accordingly it is possible to set a more pre- 
cise changing timing of both the maps of fuel injection 
quantity and ignition timing. 

[0132] The oil properties can be detected based on a 
behavior of the valve phase variable mechanism 50 op- 
erating by an oil pressure of an oil, i.e., based on the 
deviation DM between the target cam phase CM calcu- 
lated from a change of the real cam phase C dependent 
on operation of the valve phase variable mechanism 50 
and the real cam phase C, or the difference DC (a 
change speed) of the real cam phase C. Therefore, a 
detection means for directly detecting the oil properties 
e.g., an oil temperature sensor, is unnecessary ar( 
costs can be reduced. 

[01 33] Furthermore, since the difference DC of the re- 
al cam phase C is utilized, even in case the phase 
changes greatly, or in case it changes continuously, de- 
tection of operating oils properties is possible. There- 
fore, it is possible to detect in sequence the operating 
oils properties in the wide-range engine drive region. 
[0134] In the difference DC of the real cam phase C 
which is utilized when the delay time is set, and the de- 
viation DM between the target cam phase CM and the 
real cam phase C, it is possible to make use of data ob- 
tained in a process of feedback-controlling the cam 
phase to the target cam phase CM. Therefore, detection 
of the operating oil properties from a change of the cam 
phase does not need a peculiar device for acquiring the 
difference DC of the real cam phase C and the deviation 
DM between the target cam phase CM and the real cam 
phase C. 

[0135] On the basis of a behavior of the linear solf 
noid valve 90 controlling the pressure of oil supplied to 
the valve phase variable mechanism 50, i.e., on the ba- 
sis of the duty ratio of a current quantity which is duty- 
controlled to the linear solenoid valve 90 when the spool 
92 is at a neutral position for retaining fixedly the cam 
phase, the oil properties can be detected. Therefore, 
even in the engine drive region in which the cam phase 
does not change, it is possible to set the delay time in 
response to the oil properties. 

[0136] A second embodiment of the present invention 
will now be described with reference to Figs. 15 and 18, 
and according to the second embodiment of the present 
invention, only a delay time setting routine executed at 
respective steps S25, S32, S49, S56 differs for setting 
the delay time to be set in the respective changing delay 
timers for low speed, middle speed, and high speed TL, 
TM1, TM2, TH, and the other constitution is the same 
as in the first embodiment. 

[0137] This routine sets the delay time for setting to 
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the respective delay timers for low speed and middle 
speed TL, TM1, and by making use of the deviation be- 
tween the target cam phase CM and the real cam phase 
C which are calculated in feedback-controlling of the 
cam phase by the valve phase variable mechanism 50, 
and the duty ratio of a current quantity which is duty- 
controlled for retaining the spool 92 of the linear solenoid 
valve 90 at a neutral position, the properties of oil which 
is an operating oil are detected and the delay times for 
low speed and middle speed are set based on the de- 
tected oil properties. 

[0138] In a flowchart of Fig. 15, as steps S131 and 
S133 are the same as steps S111 and S112 of the flow- 
chart of Fig. 14, the description will be omitted. However, 
in case a decision result at both the steps S131 and 
S1 33 is NO, the flow proceeds to step S1 32, and a delay 
time is set to a set value (a fixed value), e.g., 0.2 sec. 
[0139] If it is judged, at step S133, that the engine 
speed Ne is within a set range, it is judged, at step S134, 
whether or not a present target cam phase CM(nj 
changes from the previous target cam phase CM(n-1), 
and in case there is a change, it is judged, at step S135, 
whether or not a change quantity of the target cam 
phase CM is smaller than a set value a. Interpreting this 
step S135, in case the oil properties are detected from 
the deviation DM between the target cam phase CM and 
the real cam phase C, as a course of changes of the 
target cam phase CM is various, the deviation DM under 
the conditions as same as possible must be utilized. 
This set value a is occasionally determined by experi- 
ments, etc. taking into account the above circumstanc- 
es. 

[0140] In case a change quantity of the target cam 
phase CM is equal to or more than a set value a at step 
S135, it is difficult to detect accurate oil properties from 
the above reasons, so that the flow proceeds to step 
S132, and the delay time is set to a set value (a fixed 
value), e.g., 0.2 sec. 

[0141] In case a change quantity of the target cam 
phase CM is less than the set value a at step S135, it 
is judged, at step S136, whether or not the set time has 
elapsed with a fourth timer T4, and when the time has 
elapsed, timed out, after the set time is set to the fourth 
timer T4 at step S137, the flow proceeds to step S138. 
When the set time has not elapsed with a fifth timer T5 
at step S138, at step S139, based on the deviation DM 
between the target cam phase CM and the real cam 
phase C acquired at step S83 in the flowchart of the 
feedback control routine of Fig. 13, a delay time is ac- 
quired with reference to a map illustrating a relationship 
between the delay time and the deviation DM as shown 
in Fig. 18. Here, a means for acquiring the deviation DM 
between the target cam phase CM and the real cam 
phase C at step S83 is an operating oil properties de- 
tection means. Furthermore, a means for acquiring a de- 
lay time at step S 139 is a delay time setting means. In- 
cidentally, two types of map are prepared for use in the 
aforesaid steps S25, S32, respectively, and are stored 



in a memory of the electronic control unit 76. 
[0142] The reason why it is possible to detect the oil 
properties from the deviation DM between the target 
cam phase CM and the real cam phase C is the same 

5 as it is possible to detect the oil . properties from the 
aforesaid difference DC between the previous real cam 
phase C(n-1) and the present real cam phase C(n), and 
this is because the valve phase variable mechanism 50 
as a device for changing a cam phase is operated by 

10 pressure of oil, and its behavior is dependent on the oil 
properties such as the viscosity of an oil, etc. 
[0143] The significance of the steps S136 and S138 
is the same as at step S135, and since a course of 
changes of the target cam phase CM is various as men- 

15 tioned above, if the deviation DM at a specific period of 
time is not utilized when a small change of the target 
cam phase CM occurs, it is impossible to detect accu- 
rate oil properties. 

[0144] When the set time of fourth timer T4 is not up 

20 at step S136, and after it is judged, at step S138, that 
the set time elapses with a fifth timer T5 and a set time 
is set to the fifth timer T5 at step S 1 40, the flow proceeds 
to step S2. Incidentally, the set time to be set to the fourth 
timer T4 and the fifth timer T5 is occasionally set from 

25 the viewpoint of accurate oil properties detection. 

[0145] When it is judged, at step ST34, that the target 
cam phase CM does not change, it is judged, at step . 
S141 , whether or not the absolute value of the deviation 
DM between the real cam phase C and the target cam 

30 phase CM is smaller than a valve equivalent to 2° in 
crank angle, i.e., it is judged whether or not the real cam 
phase C converges into the target cam phase CM. If it 
is judged, at step S141, that the real cam converges, it 
is judged, at step S142, whether or not the set time of a 

35 sixth timer T6 is up with the elapse of the set time, e.g., 
0.5 sec, and when the set time has not elapsed, the flow 
proceeds to step S132. This set time is a latency when 
the real cam phase C coincides with the target cam 
phase CM from the proximity of the target cam phase 

40 CM and the spool 92 of the linear solenoid valve 90 
reaches a neutral position. 

[0146] When it is judged, at step S142, that the set 
time of the sixth timer T6 is up, it is judged that the cam 
phase, i.e., a phase of the suction valve 11, is equal to 

45 the target cam phase CM to be constant, and after a set 
time is set to the sixth timer T6 at step S143, based on 
the duty ratio of the linear solenoid valve 90 when the 
spool 92 is at a neutral position at step S144, a delay 
time is acquired with reference to a map illustrating a 

50 relationship between the delay, time and the duty ratio 
as shown in Fig. 17. A means for acquiring the delay 
time at step S144 is a delay time setting means. Inci- 
dentally, two types of map are prepared for use in the 
aforesaid steps S25 and S32, respectively, and are 

55 stored in a memory of the electronic control unit 76. 
[0147] When it is judged, at step S141, that the real 
cam phase C does not converge into the target cam 
phase CM, it is judged, at step S146, whether or not the 
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set time elapses with a seventh timer T7, and when the 
time elapses, after a set time is set to the seventh timer 
T7 at step S146, process proceeds to step S147. When 
the set time has not elapsed with an eighth timer T8 at 
step S147, the flow proceeds to step S139, and the de- 
lay time is acquired based on the deviation DM. Inciden- 
tally, the significance of both steps S145 and S147 is 
the same as both steps S136 and S138. Furthermore, 
the set times to be set to the seventh timer T7 and the 
eighth timer T8 are occasionally set from the viewpoint 
of an accurate oil properties detection. 
[0148] When the set time of the sixth timer T6 is not 
up at step S145, and after it is judged, at step S147, that 
the time of the eighth timer T8 has elapsed and a set 
time is set to the eighth timer T8 at step S148, the flow 
proceeds to step S 132. 

[0149] Also in a flowchart of the valve operating char- 
acteristics by the second connection changing mecha- 
nism 31 and the changing routine of both the maps of 
fuel injection quantity and ignition timing as shown in 
Fig. 1 1 , a next routine is also used as a delay time setting 
routine at respective steps S49 and S56 for setting the 
delay time to be set to respective changing delay timers 
TM2 and TH. In the set range of the engine speed Ne 
at step S133 in the flowchart of a routine for setting the 
delay time of the aforesaid first connection changing 
mechanism 30, the lowermost value Ne5 is changed to 
4000rpm and the uppermost value Ne6 is changed to 
6000rpm, respectively, with the other steps remaining 
the same. 

[01 50] In this connection, the same routine as that for 
setting the delay time of the valve characteristics chang- 
ing mechanism 13 at the suction valves 11 side is used 
in case of setting the delay time of the valve character- 
istics changing mechanism 13 at the side of the exhaust 
valves 12. 

[0151] Also in the second embodiment, the same ef- 
fects as in the first embodiment can be obtained. 
[0152] According! to both the embodiments, an oil 
pressure changing valve is constituted by oil pressure 
responsive valves 80 and 81 provided with a spool 83 
which is driven by a solenoid valve 85 for opening and 
closing a pilot oil passage 86 and a pilot pressure, but 
the spool 83 may be driven by a solenoid without using 
a solenoid valve 85 and the pilot oil passage 86, and in 
the case, an oil pressure switch 88 can be omitted. 
[0153] According to both the embodiments, at the 
time of a low-speed rotation of the engine, the one suc- 
tion valve 11 is substantially stalled to close the valve, 
and an upheaved portion 17 may be formed by a low- 
speed cam so that the suction valve 1 1 is not stalled and 
an opening and closing drive is made at a small lift quan- 
tity and during a slightly opening valve period. In this 
case, the lift quantity and the opening valve period of 
the low-speed cam may be the same as the cam for low 
speed 15, or may be different therefrom. 
[01 54] According to both the embodiments, the valve 
phase variable mechanism 50 is provided in the suction 



cam shaft 6, but the valve phase variable mechanism 
50 may be provided in the exhaust cam shaft 7 instead 
of the suction cam shaft 6. Furthermore, a valve system 
may not be provided with two cam shafts of the suction 
5 cam shaft 6 and the exhaust cam shaft 7, and may be 
provided with one cam shaft comprising a suction cam 
and an exhaust cam. 

[0155] According to both the embodiments, the oil 
properties are detected from behaviors of the valve 
phase variable mechanism 50 and the linear solenoid 
valve 90, but by use of a sensor for directly detecting 
the oil properties, the delay time can be set based on 
the detection results. 



1. A control device of an internal combustion engine 
(1), comprising; 

20 ( 

an operational condition detecting means (76) 
for detecting an operational condition of the in- 
ternal combustion engine (1); 
a valve moving apparatus provided with a first 

25 valve control mechanism having a hydraulic 

valve characteristic changing mechanism (13) 
for changing valve operation characteristic of 
at least one of a suction valve (11) and an ex- 
haust valve (12) of said engine (1), and an oil 

30 pressure changing valve (80, 81) for changing 

pressure of a working oil supplied to said valve 
characteristic changing mechanism (13) from 
an oil pressure source (70); 
a first valve operation control means (85) for 

35 controlling operation of said oil pressure chang- 

ing valve (80, 81) in accordance with the oper- 
ational condition detected by said operational 
condition detecting means (76); a control 
amount holding means (76) holding contrf 

40 amounts to control combustion condition of 

said engine (1) corresponding to said respec- 
tive valve operation characteristic; 
a combustion control means operated based 
on said control amount of said control amount 

45 holding means (76); 

a holding time setting means (S25, S26, S32, 
S33, S49, S50, S56, S57, Figs. 10, 11) for set- 
ting a delay time (T lt T M1 , T M2 , T H ) between a 
first time of a change of oil pressure due to a 

50 switching of said oil pressure changing valve 

and a second time of completion of the change 
of the valve operation characteristic; 
a changing means (S27, S34, S51, S58) for 
changing said control amount holding means 

55 (76) corresponding to a changed valve opera- 

tion characteristic when said delay time (T L , 
T M1> T M2> t h) elapses (S24, S31, S48, S55) af- 
ter said oil pressure to be supplied to said valve 
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characteristic changing mechanism (13) has 
changed by said oil pressure changing valve 
(80, 81 ), 

characterized in that 5 

the control device comprises a working oil property 
detecting means (50, 90) for detecting property of 
said working oil and a holding time determination 
means (Fig. 14) for determining said delay time (T|_, 
T M1 , T M2 , T H ) based on actual properties of said 10 
working oil detected by said working oil property de- 
tecting means (50, 90). 

A control device of an internal combustion engine 
(1) as claimed in claim 1 , wherein said valve moving 15 
apparatus further comprises a hydraulic valve 
phase variable mechanism (50) for altering phase 
of open-close period of at least one of said suction 
valve (11) and said exhaust valve (12), and a sec- 
ond valve control mechanism having an oil pressure 20 
control valve (90) for controlling pressure of a work- 
ing oil supplied to said valve phase variable mech- 
anism (50) from said oil pressure source (70); op- 
eration of said oil pressure control valve (90) is con- 
trolled by a second valve operation control means 25 
(93) in accordance with the operational condition 
detected by said operational condition detecting 
means (76); and said working oil property is based 
on behavior of said second valve control mecha- 
nism. 30 

A control device of an internal combustion engine 
(1) as claimed in claim 2, wherein phase detecting 
means (67, 68, 69) for detecting phase (C) of at 
least one of said suction valve (1 1) and said exhaust 35 
valve (12) having phase altered, and phase change 
speed calculating means (S84) for calculating 
changing speed of phase (D c ) detected by said 
phase detecting means (67, 68, 69), are provided; 
and said working oil property detecting means (50, 40 
90) detects said working oil property based on said 
changing speed of phase (D c ). 

A control device of an internal combustion engine 
(1) as claimed in claim 2, wherein phase detecting 45 
means (67, 68, 69) for detecting phase (C) of at 
least one of said suction valve (11) and said exhaust 
valve (12) having phase altered, and target phase 
setting means (S64, S72, S73) for setting a target 
phase (C M ) based on an operational condition de- so 
tected by said operational condition detecting 
means (76) are provided; said second valve oper- . 
ation control means (93) controls operation of said 
oil pressure control valve (90) so that said target 
phase (C M ) concurs with said phase (C) detected 55 
by said phase detecting means (67, 68, 69); and 
said working oil property detecting means (50, 90) 
detects working oil property based on deviation 



(D M ) between said target phase (C M ) and said 
phase (C) detected by said phase detecting means 
(67, 68, 69). 

5. A control device of an internal combustion engine 
(1) as claimed in claim 2, wherein said oil pressure 
control valve (90) is operated in accordance with an 
amount of supply electric current which is duty-con- 
trolled by said second valve operation control 
means (93), and said working oil property detection 
means (50, 90) detects working oi! property based 
on duty ratio of said amount of supply electric cur- 
rent (Fig. 1 3) when said valve phase variable mech- 
anism (50) maintains fixed phase by said oil pres- 
sure controlled by said oil pressure control valve 
(90). 



Patentanspriiche 

1. Steuerungs-/Regelungseinrichtung einer Brenn- 
kraftmaschine (1), umfassend: Betriebsbedin- 
gungserfassungsmittel (76) zuni Erfassen einer Be- 
triebsbedingung der Brennkraftmas chine (1); 

eine mit einem ersten Ventilsteuerungs-/rege- 
lungsmechanismus versehene Ventilbewe- 
gungsvorrichtung, die einen hydraulischen 
Ventilcharakteristikanderungsmechanismus 
(13) zum Andern der Ventilbetriebscharakteri- 
stik von mindestens.: einem Ventil von 
EinlafJventil (11) und AuslafJventil (12) der Ma- 
schine (1) aufweist, und ein Oldruckanderungs- 
ventil (80, 81) zum Andern des Drucks eines 
von einer Oldruckquelle (70) an den Ventilcha- 
rakteristikanderungsmechanismus (13) gelie- 
ferten Arbeitsols; 

ein erstes Ventilbetriebssteuerungs-/rege- 
lungsmittel (85) zum Steuem/Regeln des Be- 
triebs des Oldruckanderungsventils:(80, 81) in 
Ubereinstimmung mit der durch das Betriebs- 
bedingungserfassungsmittel (76) erfassten Be- 
triebsbedingung; 

Steuerungs-/Regelungsbetragbereithaltungs- 
mittel (76), das Steuerungs/Regelungsbetrage 
bereithalt, um die der jeweiligen Ventilbetriebs- 
charakteristik entsprechende Verbrennungs- 
bedingung der Maschine ( 1) zu steuern/regeln; 

Verbrennungsteuerungs-/regelungsmittel, das 
basierend auf dem Steuerungs-/Regelungsbe- 
trag des Steuerungs-/Regelungsbetragbereit- 
haltungsmittels (76) betrieben wird;. 

Bereitgestellte-Zeit-Einstellungsmittel (S25, 
S26, S32, S33, S49, S50. S56: S57, Fig. 10, 
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11) zum Einstellen einer Verzogerungszeit (T L , 
T M1 , T M2 , T H ) zwischen einem ersten Zeitpunkt 
einer Anderung des Oldruckes wegen eines 
Schaltens des Oldruckanderungsventils und 
einem zweiten Zeitpunkt des Abschlusses der 5 
Anderung der Ventilbetriebscharakteristik; 

Anderungsmittel (S27, S34, S51 * S58) zum An- 
dern des Steuerungs-/-Regelungsbetragbe- 
reithaltungsmittels (76) entsprechend einer ge- 10 
anderten Ventilbetriebscharakteristik, wenn die 
Verzogerungszeit (T L , T M1 , T M2 , T H ) ablauft 
(S24, S31, S48, S55) nachdem der an den 
Ventilcharakteristikanderungsmechanismus 
(13)zuliefernde0ldruckdurchdasOldruckan- 15 
derungsventil (80, 81) sich geandert hat, 
dadurch gekennzeichnet, dass 
die Steuerungs-/Regelungseinrichtung ein 
Arbeitsdleigenschaftserfassungsmittel (50, 90) 
zur Arbeitsoleigenschaftserfassung und ein 20 
Bereitgestellte-Zeit-Bestimmungsmittel (Fig. 
14) zum Bestimmen der Verzogerungszeit (T L , 
T M1 » T M2» t h) basierend auf durch das Arbeits- 
oieigenschaftserfassungsmittel (50, 90) erfas- 
sten aktuellen Eigenschaften des Arbeitsols 25 
umfasst. 

2. Steuerungs-/Regelungseinrichtung einer Brenn- 
kraftmaschine (1) nach Anspruch 1 , wobei die Ven- 
til be wegungsvorrichtung ferner umfasst einen hy- 30 
draulischen Ventilphasenveranderungsmechanis- 
mus (50) zur Phasenanderung einer offen-ge- 
schlossen Periode von mindestens einem Ventil 
von Einiassventil (11) und Auslassventil (12) und ei- 
nen zweiten Ventilsteuerungs-/regelungsmecha- 35 
nismus, der ein Oldrucksteuerungs-/regelungsven- 

til (90) zum Steuern/Regeln des Drucks eines Ar- 
beitsols aufweist, das von der Oldruckquelle (70) an 
den Ventilphasenveranderungsmechanismus (50) 
geliefert wird; wobei der Betrieb des Oldrucksteue- 40 
rungs-/regelungsventils (90) durch ein zweites Ven- 
tilbetriebssteuerungs-/regelungsmittel (93) in Ober- 
einstimmung mit der durch das Betriebsbedin- 
gungserfassungsmitte! (76) erfassten Betriebsbe- 
dingung gesteuert/geregelt wird; und wobei die Ar- 45 
beitsoleigenschaft auf dem Verhalten des zweiten 
Ventilsteuerungs-/regelungsmechanismus basiert. 

3. Steuerungs-/Regelungseinrichtung einer Brenn- 
kraftmaschine (1) nach Anspruch 2, wobei Pha- 50 
senerfassungsmittel (67, 68, 69) zum Erfassen ei- 
ner Phase (C) von mindestens einem Ventil von 
Einiassventil (11) und Auslassventil (12), das eine 
yeranderte Phase aufweist, und Phasenande- 
rungsgeschwindigkeitsberechnungsmittel (S84) 55 
zum Berechnen der durch die Pha senerfassungs- 
mittel (67, 68, 69) erfassten Phasenanderungsge- 
schwindigkeit (D c ) zur Verfugung gestellt werden; 



und wobei das Arbeitsoleigenschaftserfassungs- 
mittel (50, 90) die Arbeitsoleigenschaft basierend 
auf der Phasenanderungsgeschwindigkeit (D c ) er- 
fasst. 

4. Steuerungs-/Regelungseinrichtung einer Brenn- 
kraftmaschine (1) nach Anspruch 2, wobei Pha- 
senerfassungsmittel (67, 68, 69) zum Erfassen der 
Phase (C) von mindestens einem Ventil von Ein- 
iassventil (11) und Auslassventil (12), das eine ver- 
anderte Phase aufweist, und SoNphaseneinstellmit- 
tel (S64, S72, S73) zum Einstellen einer Sollphase 
(C M ) basierend auf einer durch das Betriebsbedin- 
gungserfassungsmittel (76) erfassten Betriebsbe- 
dingung zur Verfugung gestellt werden; wobei das 
zweite Ventilbetriebssteuerungs-/regelungsmittel 
(93) den Betrieb des Oldrucksteuerventils (90) so 
steuert/regelt, dass die Sollphase (C M ) mit der 
durch Phasenerfassungsmittel (67, 68, 69) erfas- 
sten Phase (C) ubereinstimmt; und wobei d^ 
Arbeitsoleigenschaftserfassungsmittel (50, 90) die 
Arbeitsoleigenschaft basierend auf einer Abwei- 
chung (D M ) zwischen der Sollphase (C M ) und der 
durch Phasenerfassungsmittel (67, 68, 69) erfas- 
sten Phase (C) erfasst. 

5. Steuerungs-/Regelungseinrichtung einer Brenn- 
kraftmaschine (1) nach Anspruch 2, wobei das Ol- 
drucksteuerungs-/regelungsventil (90) in Uberein- 
stimmung mit einem Betrag eines elektrischen Ver- 
sorgungsstromes betrieben wird, der durch das 
zweite Ventilbetriebssteuerungs-/regelungsmittel 
(93) anhand einer relativen Einschaltdauer gesteu- 
ert/geregelt ist, und wobei das Arbeitsoleigen- 
schaftserfassungsmittel (50, 90) die Arbeitsolei- 
genschaft basierend auf der relativen Einschaltdau- 
er des Betrags des elektrischen Versorgungsstro- 
mes (Fig. 13) erfasst, wenn der Ventilphasenveran- 
derungsmechanismus (50) eine feste Phase durcf 
den durch das Oldrucksteuerungs-/regelungsventil 
(90) gesteuerten/geregelten Oldruck beibehalt. 



Revendications 

1 . Dispositif de commande d f un moteur a combustion 
interne (1), comprenant ; 

un moyen de detection de condition de fonc- 
tionnement (76) pourdetecter une condition de 
fonctionnement du moteur a combustion inter- 
ne (1); 

un dispositif de deplacement de soupapes dote 
d'un premier mecanisme de commande de 
soupapes comportant un mecanisme hydrauli- 
que de modification de caracteristique de sou- 
pape (13) pour modifier la caracteristique de 
fonctionnement de soupape d'au moins Tune 
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d'une soupape d'aspiration (11Xet d'une sou- 
pape d'echappement (12) dudit moteur (1), et 
d'une vanne de modification de pression d'huile 
(80, 81) pour modifier la pression d'une huile 
de service amenee audit mecanisme de modi- 5 
fication de caracteristique de soupape (13) a 
partir d'une source de pression d'huile (70) ; 
un premier moyen de commande de fonction- 
nement de vanne (85) pour commander le fonc- 
tionnement de ladite vanne de modification de 10 
pression d'huile (80, 81) en fonction de la con- 
dition de fonctionnement detectee par ledit 
moyen de detection de condition de fonction- 
nement (76) ; 

un moyen de maintien d'ampleurde commande 15 
(76) maintenant des ampleurs de commande 
afin de commander la condition de combustion 
dudit moteur (1) correspondant a ladite carac- 
teristique de fonctionnement de soupape 
respective ; 20 
un moyen de commande de combustion action- 
ne sur la base de ladite ampleur de commande 
dudit moyen de maintien d'ampleur de com- 
mande (76) ; 

un moyen d'etablissement de duree de main- 25 
tien (S25, S26, S32, S33, S49, S50, S56, S57, 
figures 10, 11) pour etablir une duree de retard 
T M1» T M2' t h) entre un premier instant 
d'une modification de ia pression d'huile, sous 
I'effet d'une commutation de ladite vanne de 30 
modification de pression d'huile, et un second 
instant d'achevement de la modification de la 
caracteristique de fonctionnement de 
soupape ; 

un moyen de modification (S27, S34, S51 , S58) 35 
pour modifier ledit moyen de maintien d'am- 
. pleur de commande (76) correspondant a une 
caracteristique de fonctionnement de soupape 
modifiee lorsque ladite duree de retard (T L , 
T M1> T M2> t h) s'ecoule (S24, S31, S48, S55) 40 
apres que ladite pression d'huile, devant etre 
amenee audit mecanisme de modification de 
caracteristique de soupape (13), ait ete modi- 
fiee par ladite vanne de modification de pres- 
sion d'huile (80, 81), . 45 

caracterise en ce que 

. ledit dispositif de commande comprend un 
moyen de detection de propriete d'huile de service 
(50, 90) pour detecter la propriete de ladite huile de so 
service, et un moyen de determination de duree de 
maintien (figure 14) pour determiner ladite duree de 
retard (T L , T M1 , T M2 , T H ) sur la base des proprietes 
reelles de ladite huile de service, detectees par ledit 
moyen de detection de propriete d'huile de service . 55 
(50, 90). 

Dispositif de commande d'un moteur a combustion 



interne ( 1 ) selon la revendication 1 , dans lequel ledit 
dispositif de deplacement de soupapes comprend, 
en outre, un mecanisme de variation de phase de 
soupape hydraulique (50) pourfaire varier la phase 
d'une periode d'ouverture-fermeture d'au moins 
Tune de ladite soupape d'aspiration (11) et de ladite 
soupape d'echappement (12), et un second meca- 
nisme de commande de soupapes comportant une 
vanne de commande de pression d'huile (90) pour 
commander la pression d'une huile de service ame- 
nee audit mecanisme de variation de phase de sou- 
pape (50) a partir de ladite source de pression d'hui- 
le (70) ; le fonctionnement de ladite vanne de com- 
mande de pression d'huile (90) est commande par 
un second moyen de commande de fonctionne- 
ment de vanne (93) en fonction de la condition de 
fonctionnement detectee par ledit moyen de detec- 
tion de condition de fonctionnement (76) ; et ladite 
propriete d'huile de service est basee sur le com- 
portement dudit second mecanisme de commande 
de soupapes. 

3. Dispositif de commande d'un moteur a combustion 
interne (1) selon la revendication 2, dans lequel 
sont prevus un moyen de detection de phase (67, 
68, 69) pour detecter la phase (C) d'au moins Tune 
de ladite soupape d'aspiration (11) et de ladite sou- 
pape d'echappement (12) dont la phase a varie, et 
un moyen de calcul de Vitesse de variation de phase 
(S84) pourcalculer ia Vitesse de variation de la pha- 
se (D c ) detectee par ledit moyen de detection de 
phase (67, 68, 69) ; et ledit moyen de detection de 
propriete d'huile de service (50, 90) detecte ladite 
propriete d'huile de service sur la base de ladite Vi- 
tesse de variation de la phase (D^. 

4. Dispositif de commande d'un mpteur a combustion 
interne (1) selon la revendication 2, dans lequel 
sont prevus un moyen de detection de phase (67, 
68, 69) pour detecter la phase (C) d'au moins Tune 
de ladite soupape d'aspiration (11) et de ladite sou- 
pape d'echappement (12) dont ia phase a varie, et 
un moyen d'etablissement de phase cible (S64, 
S72, S73) pour etablir une phase cible (C M ) sur la 
base d'une condition de fonctionnement detectee 
par ledit moyen de detection de condition de fonc- 
tionnement (76) ; ledit second moyen de comma n- 

. de de fonctionnement de vanne (93) commande le 
fonctionnement de ladite vanne de commande de 
pression d'huile (90) de telle sorte que ladite phase 
cible (C M ) coincide ayec ladite phase (C) detectee 
par ledit moyen de detection de phase (67, 68, 69) ; 
et ledit moyen de detection de propriete d'huile de 
service (50, 90) detecte la propriete d'huile de ser- 
vice sur la base d'un ecart (D M ) entre ladite phase 
cible (C M ) et ladite phase (C) detectee par ledit 
moyen de detection de phase (67, 68, 69). 
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Dispositif de commande d'un moteur a combustion 
interne (1) selon la revendication 2, dans lequel la- 
dite vanne de commande de pression d'huile (90) 
est commandee en fonction d'une quantite de cou- 
rant electrique d'alimentation dont le taux d'utilisa- 5 
tion est commande par ledit second moyen de com- 
mande de fonctionnement de vanne (93), et ledit 
moyen de detection de propriete d'huile de service 
(50, 90) detecte la propriete d'huile de service sur 
la base du taux d'utilisation de ladite quantite de io 
courant electrique d'alimentation (figure 13) lorsque 
ledit mecanisme de variation de phase de soupape 
(50) maintient une phase fixe par le biais de ladite 
pression d'huile commandee par ladite vanne de . 
commande de pression d'huile (90). 15 
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Fig.5 15 
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Fig. 10 
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Fig. 11 
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Fig. 12 
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Fig. 13 
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